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BY-LAWS. 


AMERICAN CONCRETE INSTITUTE. 


ARTICLE I. 
MEMBERS. 


Section 1. Any person engaged in the construction or maintenance of 
work in which cement is used, or qualified by business relations or practical 
experience to co-operate in the purposes of the Institute, or engaged in the 
manufacture or sale of machinery or supplies for cement users, or a man 
who has attained eminence in the field of engineering, architecture or 
applied science, is eligible for membership. 

Sec. 2. A firm or company shall be treated as a single member. 


Sec. 3. Any member contributing annually twenty or more dollars in 
addition to the regular dues shall be designated and listed as a Contrib- 
uting Member. 


Sec. 4. Application for membership shall be made to the Secretary on 
a form prescribed bythe Board of Direction. The Secretary shall submit 
monthly or oftener, if necessary, to each member of the Board of Direction 
for letter ballot a list of all applicants for membership on hand at the 
time with a statement of the qualifications, and a two-thirds majority of 
the members of the Board shall be necessary to an election. 

Applicants for membership shall be qualified upon notification of elec- 
tion by the Secretary by the payment of the annual dues, and unless these 
dues are paid within 60 days thereafter the election shall become void. An 
extract of the By-Laws relating to dues shall accompany the notice of 
election, 

Sec. 5. Resignations from membership must be presented in writing 
to the Secretary on or before the close of the fiscal year and shall be 
acceptable provided the dues are paid for that year. 

Src. 6. The Board of Direction may confer honorary memberships in 
recognition of services of an extraordinarily meritorious character before 
the Institute. Honorary members shall be entitled to full membership 
privileges without the payment of dues. 


ArticLe II. 
OFFICERS. 
Section 1. The officers shall be the President, two Vice-Presidents, 
six Directors (one from each geographical district), the Secretary and the 
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Treasurer, who, with the five latest; living Past-Presidents, who continue to 
be members, shall constitute the Board of Direction. 


Sec. 2. The Board of Direction shall, from time to time, divide the 
territory occupied by the membership into six geographical districts, to be 
designated by numbers. 


Sec. 3. There shall be a Committee of five members on Nomination of 
Officers elected by letter ballot of the members of the Institute, which is to 
be canvassed by the Board of Direction on or before September 1 of each 
year. 

The Committee on Nomination of Officers shall select by letter ballot 
of its members, candidates for the various offices to become vacant at the 
next Annual Convention and report the result to the Board of Direction 
who shall transmit the same to the members of the Institute at least 
60 days prior to the Annual Convention. Upon petition signed by at least 
ten members, additional nominations may be made within 20 days there- 
after. The consent of all candidates must be obtained before nomination. 
The complete list of candidates thus nominated shall be submitted 30 days 
before the Annual Convention to the members of the Institute for letter- 
ballot, to be canvassed at 12 o’clock noon on the second day of the Uon- 
vention and the result shall be announced the next day at a business 
session. 


Seo. 4. The terms of office of the President, Secretary and Treasurer 
shall be one year; of the Vice-President and the Directors, two years. 
Provided, however, that at the first election after the adoption of this 
By-Law, a President, one Vice-President, three Directors and a Treasurer 
shall be elected to serve for one year only, and one Vice-President and 
three Directors for two years; provided, also, that after the first election as 
President, one Vice-President, three Directors and a Treasurer shall be 
elected annually. 

The term of each officer shall begin at the close of the Annual Conven- 
tion at which such officer is elected, and shall continue for the period above 
named or until a successor is duly elected. 

A vacancy in the office of President shall be filled by the senior Vice- 
President. A vacancy in the office of Vice-President shall be filled by the 
senior Director. 

Seniority between persons holding similar offices shall be determined 
by priority of election to the office, and when these dates are the same, by 
priority of admission to membership; and when the latter dates are identi- 
cal, the selection shall be made by lot. In case of the disability or neglect 
in the performance of his duty of any officer of the Institute, the Board of 
Direction shall have power to declare the office vacant. Vacancies in any 
office for the unexpired term shall be filled by the Board of Direction, 
except as provided aboye. 

Src. 5. The Board of Direction shall have general supervision of the 
affairs of the Institute and at the first meeting following its election, 
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appoint a Secretary and from its own members a Finance Committee of 
three; it shall create such special committees as may be deemed desirable 
for the purpose of preparing recommended practice and standards con- 
cerning the proper use of cement for consideration by the Institute, and 
shall appoint a chairman for each committee. Four or more additional 
members on each special committee shall be appointed by the President, 
in consultation with the Chairman. 

Src. 6. It shall be the duty of the Finance Committee to prepare the 
annual budget and to pass on proposed expenditures before their submission 
to the Board of Direction. The accounts of the Secretary and Treasurer 
shall be audited annually. 

Sec. 7. The Board of Direction shall appoint a Committee on Resolu- 
tions, to be announced by the President on the first regular session of the 
Annual Convention. z 

Src. 8. There shall be an Executive Committee of the Board of Direc- 
tion, consisting of the President, the Secretary, the Treasurer and two of 
its members, appointed by the Board of Direction. 

Sec. 9. The Executive Committee shall manage the affairs of the 
Institute during the interim between the meetings of the Board of Direction. 


Sec. 10. The President shall perform the usual duties of the office. 
He shall preside at the Annual Convention, at the meetings of the Board of 
Direction and the Executive Committee, and shall be ex-officio member of 
all committees. 

The Vice-Presidents in order of seniority shall discharge the duties of 
the President in his absence. 

Sec. 11. The Secretary shall be the general business agent of the Insti- 


tute, shall perform such duties and furnish such bond as may be determined 
by the Board of Direction. 


Seo. 12. The Treasurer shall be the custodian of the funds of the 
Institute, shall disburse the same in the manner prescribed and shall fur- 
nish bond in such sum as the Board of Direction may determine. 


Sec. 13. The Secretary shall receive such salary as may be fixed by 
the Board of Direction. 


ARTICLE ITT. 
MEETINGS. 
Section 1. The Institute shall meet annually. The time and place 


shall be fixed by the Board of Direction and notice of this action shall be’ 
mailed to all members at least thirty days prior to the date of Convention. 


Sec. 3. The Board of Direction shall meet at least twice each year. 
The time and place to be fixed by the Executive Committee. 


Src. 4. A majority of the members shall constitute a quorum for 
meetings of the Board of Direction of the Executive Committee, 
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ARTICLE IV. 
DUES. 
Section 1. The fiscal year shall commence July Ist. 


Sec. 2. The annual dues shall be twelve dollars and fifty cents 
($12.50), payable annually in advance from the first of the month following 
notification of the applicant of his election by the Board of Direction. 


Sec. 3. Each member shall be entitled to receive one copy of one vol- 
ume of the Proceedings for each membership year and additional volumes 
at a price fixed by the Board of Direction. 

Src. 4. A member whose dues remain unpaid for a period of three 
months shall forfeit the privilege of membership and shall be officially 
notified to this effect by the Secretary, and if these dues are not paid 
within thirty days thereafter his name shall be stricken from the list of 
members. Members may be reinstated upon payment of all indebtedness 
against them upon the books of the Institute. 


ARTICLE VY. 
STANDARDS. 


Section 1. Proposed new or revised Standard Specifications, Standard 
Practice, and Standard Definitions when approved by a majority voting in 
the committee in which they originate, shall be submitted, in the form 
adopted in the Standard Form of Standards, to the Secretary of the Insti- 
tute sixty days prior to the opening of the Annual Convention at which they 
are to be presented. The Secretary of the Institute shall cause these pro- 
posed new standards or revised standards to be printed as Proposed Tenta- 
tive Standards and mailed to the full membership of the Institute thirty 
days prior to the opening of the convention. As there amended and 
approved, they shall be published in the Annual Proceedings, next issued as 
Tentative Standards. At a subsequent Annual Convention, they may again 
be offered unamended, by their originating committees as proposed stand- 
ards, and as there approved by a majority of those voting, they shall be 
submitted to letter ballot of the Institute membership, to be canvassed 
within ninety days thereafter. Such proposed standards shall be considered 
adopted unless at least 10 per cent of those voting shall vote in the 
negative. 

ARTICLE VI. 
AMENDMENTS. 

Section 1. Amendments to these By-Laws, signed by at least fifteen 
members, must be presented in writing to the Board of Direction ninety 
days before the Annual Convention and shall be printed in the notice of the 
Annual Convention. These amendments may be discussed and amended at 
the Annual Convention and passed to letter ballot by a two-thirds vote of 
those present. Two-thirds of the votes cast by letter ballot shall be neces- 
sary for their adoption. 


SUMMARY OF PROCEEDINGS OF THE TWENTY-FOURTH 
ANNUAL CONVENTION. 


Registration began at 9 A. M., February 28, and progressed so rapidly 
that 238 sat down to the noonday get-together luncheon. 


First SESSION, TuESpAyY, 2 P. M., FeRBUARY 28—WORKABILITY. 
President M. M. Upson in the chair. 


The following papers were presented: “A Study of Some Methods of 
Measuring Workability of Concrete” (Preprinted), by George A. Smith 
and George Conahey, Research Associates, Celite Company Fellowship, U. 8. 
Bureau of Standards. 

“The Cement Factor in Workability,” by P. H. Bates, U. S. Bureau of 
Standards. 

“Gradation and Character of Aggregates as a Factor in Workability” 
(Preprinted), by A. T. Goldbeck, Director of Research, National Crushed 
Stone Association. 

“Water as a Factor in Workability” (Preprinted), by R. L. Bertin, 
The White Construction Co., New York City. 

“Workability Means Durability to the Engineer” (Preprinted), by R. 
W. Atwater, in charge of structural engineering, McClellan and Junkers- 
feld, New York City. 

“What Workability Means to the Contractor,” by Nelson L. Doe, gen- 
eral superintendent, Turner Construction Co., New York City. 

Discussion was all reserved until the six papers of the symposium had 
been presented. More than 400 attended this first session—both attendance 
and discussion showing a lively interest in the subject. 


SECOND SESSION, TurspaAy, 8 P. M., FreBpruary 28—ARCHITECTURR. 
President Upson in the chair. 


A paper “Methods of Decorative Painting on Concrete Surfaces,” by 
Sidney F. Ross, of Arnold W. Brunner Associates, Architects, New York 
City, was presented in Mr. Ross’ absence by Virgil L. Johnson, architect, 
Philadelphia. 

Two other papers were presented by their authors—both papers heing 
well illustrated by stereopticon slides: “Reinforced Concrete as Applied to 
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Monumental Types of Buildings,” by Emil Praeger, engineer of Bertram 
Grosvenor Goodhue Associates, architects, New York City; and “Rein- 
forced-Concrete Walls for Buildings,” by W. E. Hart, manager, Structural 
and Technical Bureau, Portland Cement Association, Chicago. 

Arthur J. Meigs, architect, Philadelphia, presented illustrated discus- 
sion of Mr. Praeger’s paper. 

Mr. Hart’s paper also evoked considerable discussion, including advance 
written discussion by John I. Bright and Virgil L. Johnson, both architects 
of Philadelphia. 


THIRD SESSION, WEDNESDAY, 9.30 A. M., FeBRUARY 29—RESEARCH. 
Past-President A. E. Lindau in the chair. 


The report of Committee E-3, Research, H. F. Gonnerman, chairman, 
having been preprinted, was presented by title only by F. E. Richart, sec- 
retary, in Mr. Gonnerman’s absence, and was received for publication. The 
report consists chiefly of a compilation of references to investigations under 
way, and to reports published within the year. 

The report of Committee E-5, Aggregates, R. W. Crum, chairman, 
having been preprinted, was presented by title only by F. H. Jackson, 
secretary, in Mr. Crum’s absence. The report consists of a discussion of 
the development of an abrasion test for gravel and a tentative method for 
such a test. The report was accepted for publication. 

The following papers were presented and offered for discussion: 

“A Method for Predicting Concrete Strength with Increased Precision” 
(Preprinted), by Herbert J. Gilkey, associate professor of civil engineer- 
ing, University of Colorado. (Presented by title in the author’s absence.) 

“Notes on the Progress of Some Studies of the Crazing of Portland 
Cement Mortars” (Preprinted), by P. H. Bates and C. H. Jumper, U. S. 
Bureau of Standards. (Presented by Mr. Bates.) 

“Crazing in Concrete and the Growth of Hair Cracks into Structural 
Cracks” (Preprinted), by Alfred H. White, professor of chemical engineer- 
ing, and Vilhelm A. Aagaard and Axel O. L. Christensen, of the department 
of Chemical engineering, University of Michigan. (Presented by Professor 
White.) 

“The Carrying Capacity of Semi-Circular Hooks” (Preprinted), by T. 
D. Mylrea, professor of building construction, Carnegie Institute of Tech- 
nology, Pittsburgh. 

“Some Suggestions from the Results of the Stevenson Creek Arch Dam 
Investigation,” by W. A. Slater, U. S. Bureau of Standards. 

“Flow of Concrete Under Sustained Compressive Stress” (Preprinted), 
by Raymond E. Davis, professor of civil engineering, University of Calli- 
fornia. 

J. H. Chubb and OC. E. Lindsley were appointed tellers to count the 
annual ballots for officers. 
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FourtH SESSION, WEDNESDAY, 2 P. M., FeBRUARY 29—CONCRETE 
STONE AND SPECIAL PRODUCTS. 


Vice-President Boyer in the chair. 


The following papers were presented: 

“Concrete Roofing Tile Problems,” by Leslie H. Allen, president, Haw- 
thorne Roofing Tile Co., of N. Y., Inc. This was followed by a discussion 
of colors by Maximilian Toch. 

“Viewpoint of the Architect and Engineer Regarding Concrete Masonry 
Units,” by George J. Eyrick, Jr., Smith, Hinchman & Grylls, architects and 
engineers, Detroit. In Mr. Eyrick’s absence, his paper was presented by 
Benjamin IF. Wilk. 

“Specifications for Concrete Stone” (Preprinted), by C. Van de Bogart, 
president, Economy Concrete Co., New Haven, Conn. 

“The Need of a National Certification Plan,” by M. A. Arnold, presi- 
dent, Arnold Stone, Brick & Tile Co., Inc., Jacksonville, Fla. 

“Pacific Stone,” by Gilbert E. Tucker, vice-president and manager, 
Pacific Stone Co., Seattle, Wash. Due to the author’s unanticipated ab- 
sence, his paper was presented only by title. 

Following these papers, there was general discussion of the desirability 
of concrete stone specifications and of the adoption of a name for the 
product. 

A resolution was adopted requesting the Board of Direction to appoint 
a committee of concrete stone manufacturers and others to formulate spec- 
ifications under which a standard product may be produced and sold. 

A paper, “Better Stucco,” by William 8. Steele, president, Mohawk 
Stucco Co., Inc., Brooklyn, N. Y., with discussion, concluded the session. 


FirtH Session, WEDNESDAY, 8 P. M., FeBpruary 29—REINFORCED- 
CONCRETE DESIGN. 
Past-President A. E. Lindau in the chair. 


The following papers were presented : 

“Skew Arch Design and Construction” (Preprinted), by S. C. Hollister, 
consulting engineer, Philadelphia. 

“The Calculation of Flat Plates by the Elastic Web Method” (Pre- 
printed), by Joseph A. Wise, assistant professor of structural engineering, 
University of Minnesota. (In the author’s absence the paper was formally 
presented—but not read—by Louis Clousing. ) 

“Design and Cost Data for Proposed 1928 A. C. I. Building Code” 
(Preprinted), by A. R. Lord, consulting engineer, Chicago. 

The report of Committee E-1, Reinforced-Concrete Building Design and 
specifications consisting of “Proposed Standard Building Regulations for 
Reinforced Concrete” (Preprinted), was presented by F. R. McMillan, chair- 
man, who then offered a considerable list of amendments—nearly 50. 
Many of them involved discussion; many did not. All the amendments 
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proposed by the committee prevailed, some after modification from the 
floor. The session was a memorable one, lasting until 12.30 A. M. 


SixTH Session, THurspay, 9.30 A. M., Marcy 1—Sranparp 
CONCRETE BUILDING UNIts. 


Past-President L. C. Wason in the chair. 


The following papers were presented: 

“How a State Law Helped Concrete Units in Wisconsin,” by D. R. Col- 
lins, Milwaukee. 

“Experience in the Use of Light-Weight Aggregate for Masonry Units,” 
by A. W. Scheer, president, Best Block Co., Milwaukee. 

There was detailed discussion tending to establish the fallacy of the 
absorption test and to introduce the importance of the so-called “wetness 
factor” by which porous light-weight aggregate shows high weather 
resistance. 

“Drying Concrete Brick to Take Out the Shrinkage,” by L. E. Grube, 
Sheboygan, Wisc. 

The report of Committee P-1, Standard Concrete Building Units (Pre- 
printed) covered these subjects: (1) Specifications for Concrete Brick; 
(2) Tests of Feed of Mix to Brick and Block Machines in Relation to 
Tamping; (3) Concrete Block and Tile Specifications; (4) Specifications 
for Concrete Manhole and Catch Basin Block; (5) Progress of Simplified 
Practice in Standardization of Sizes. 

The tirst action of the convention was to adopt the committee’s recom- 
mendations, with respect to Nos. 2, 3 and 5, receiving Nos. 2 and 5 for 
publication and adopting revisions in the Institute’s Tentative Specifications 
for Concrete Block and Concrete Building Tile (P-1-A-26T) with respect to 
compression tests on different classes of block and tile—the revised specifi- 
cations becoming P-1-A-28T. 

The Tentative Specifications for Concrete Brick P-1-B-26T were con- 
tinued as tentative without revision. 

The Tentative Specifications for Concrete Manhole and Catch Basin 
Block, P-1-C-27T were continued as tentative for another year, with an 
amended title as follows: Concrete Sewer Manhole and Catch Basin Block 
P-1-C-28T. 


| SeventH SESSION, THURSDAY, 2 P.M., Marcu 1— 
BuSINESS—FIELD METHODS. 


President Upson in the chair. 

The report of the tellers, J. H. Chubb, chairman, showed ballots cast 
for officers and directors as follows: 

President, one year, E. D. Boyer, 671 votes. 

Vice-President, two years, D. A. Abrams, 677 votes. 

Treasurer, one year, Harvey Whipple, 672 votes. 

Director, First District, two years, A. C. Tozzer, 639 votes. 
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Director, Second District, two years, J. G. Ahlers, 644 votes. 

Director, Sixth District, two years, R. J. Wig, 638 votes. 

(At a meeting of the Board of Direction, in accordance with the 
By-Laws, Article II, See. 4, S. C. Hollister, senior director, was appointed 
vice-president to fill the unexpired term in that office of E. D. Boyer. J. C. 
Pearson was appointed director to fill the unexpired term of S. C. Hollister, 
third district. Harvey Whipple was reappointed secretary.) 

Mr. Upson presented the new president. 

Following a few words of acknowledgment by Mr. Boyer, President 
Upson expressed appreciation of the work of the Philadelphia Activities 
Committee toward the success of the convention, and the management of 
the Benjamin Franklin for courtesy and co-operation. 

Mr. Upson expressed regret at the loss of Frank Wight, and asked the 
convention to rise out of respect to his memory. : 

The Secretary presented Honor Roll prizes for the ten men who spon- 
sored the most new members in the year ended February 1, 1928: 

First—W. C. Voss, Boston—30 members; second—D. A. Abrams, New 
York—23 members. 

Third—John G. Ahlers, New York—12 members; fourth—H. B. Emer- 
son, Chicago—i2 members; fifth—W. E. McComas, Philadelphia—9 mem- 
bers; sixth—Miguel Villa, Cuba—9 members; seventh—H. F. Gonnerman, 
Chicago—9 members; eighth—I. E. Burks, Canada—8 members; ninth— 
W. R. Harris, Milwaukee—8 members; tenth—F. R. McMillan, Chicago— 
8 members. 

At the conclusion of the Business Session, Past-President Wason took 
the chair. Mr. Wason, president of the Institute for two terms, 1915 and 
1916, called attention to the operation of the By-Laws, which removed him 
from the Board of Direction after a service of 20 years. The five last 
living past-presidents, who continue membership in the Institute, are mem- 
bers of the Board. Thus, two years ago, when Mr. Lindau was succeeded 
by Mr. Upson as president, Richard IL. Humphrey, first president of the 
Institute, passed off the Board. This year, on Mr. Upson’s becoming a 
past-president, Mr. Wason, the second president, completes his Board 
service. 

The report of Committee S-6, Concrete Roads and Pavements, W. M. 
Acheson, chairman, L. 8. Trainor, secretary, had been preprinted. The 
report carried recommendations of minor changes in existing specifications: 

First—To submit to letter ballot of Institute membership minor ten- 
tative revisions adopted in 1925, as Standard Specifications for Ons-Course 
Portland Cement Concrete Pavement for Highways (S-6-A-24), and three 
other specifications of which it is a part. S-6-B-25, S-6-C-25 and S-6-D-25. 
and §-6-D-25. (The road specifications have since been approved by letter 
ballot. ) 

Second—To adopt tentatively a revision as preprinted, in the wording 
of Part II, Materials, Sec. E, Joint Filler, paragraph 18 of the specifica- 
tions, S-6-A-24—affecting also specifications S-6-B-25, S-6-C-25 and S-6-D-25, 
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The report of the committee was adopted. 

The paper by C. A. Wiepking, “Study of a Method for Testing Concrete 
in the Field” (preprinted), scheduled for the third session but carried over, 
was then presented. Written discussion by Professor Gilkey was presented 
by title in the author’s absence. 

Nathan C. Johnson, consulting engineer, New York City, presented his 
paper, “Better Concrete--Do We Mean It?” The manuscript having been 
prepared for publication, Mr. Johnson talked extemporaneously, enlarged 
upon his thought. Discussion followed. 

Charles E. Covell’s paper, “Heavy Duty Concrete Floors,” having been 
preprinted, was presented in abstract by E. F. Archibald, also of the 
Austin Company, in Mr. Covell’s absence, and a discussion of floor finishes 
followed. 

“Experience with a Strength Specification Contract” (preprinted) was 
presented, in abstract only, by the authors, R. C. Johnson, Immel Construc- 
tion Co., Fond du Lac, Wise. 

F. R. McMillan, whose “Concrete Primer” will be reprinted by the 
Institute for the distribution of thousands of copies at a nominal price, 
briefly outlined the purpose of the unique paper, in which it is attempted 
to set forth established knowledge of concrete and the improved methods 
in making it, in 142 questions and answers, logically arranged and briefly 
set forth within the compass of about 30 printed pages. 

The convention closed with the dinner at 7 P. M., March 1, attended 
by about 200. Mr. Upson, the retiring president, made a brief address, in 
which he sketched the imposing progress of knowledge of and technique in 
concrete work, and the economic contribution in this advance in which the 
American Concrete Institute has had an increasingly important part. 

President Toastmaster Upson then presented to Arthur R. Lord, the 
Wason medal for the most meritorious paper of the 1927 convention— 
“Notes on Concrete—Wacker Drive, Chicago,” and the new Henry C. Turner 
medal of gold, founded for presentation not oftener than once each year, 
for “notable achievement in or service to the concrete industry,” to Dr. 
Arthur N. Talbot, for “outstanding contributions to the knowledge of 
reinforced-concrete design and construction.” 

In his response, Dr. Talbot sketched briefly his part in studies of con- 
crete in the last fifty years, and asking his audience to forget for a 
moment the present medal recipient, pointed out that bestowing such 
honors is praiseworthy, in giving proper recognition for service, because 
of the influence upon others than the medalist, in helping to develop and 
strengthen professional consciousness. 

Mr. Upson then introduced Dr. John A. Miller, professor of astronomy, 
Swarthmore College, who made the evening’s address on his chosen subject, 
centering on preparation for and observation of an eclipse of the sun in 


Sumatra. 


AWARDS. 


THE WASON MEDAL. 


AWARDED EACH YEAR TO-THE AUTHOR OF THE Most MERITORIOUS PAPER 


PRESENTED TO THE PREVIOUS ANNUAL CONVENTION. 


AWARDED, 1928, TO 


ArTHur R. Lorn, for paper, “Notes on Concrete—Wacker Drive, Chicago,” 


1916 


1917 


1918 


1919 


1920 
1921 


1922 


1923 


1924 


1925 


1926 


presented to the 1927 Convention. 


Previous WASON MrEpAL AWARDS. 
Convention Paper—A. B. McDaniet, “Influence of Temperature on 
the Strength of Concrete.” 


Convention Paper—CuarLes R. Gow, “History and Present Status 
of the Concrete Pile Industry.” 


Convention Paper—Durr A. ABRAMS, “Effect of Time of Mixing on 
the Strength and Wear of Concrete.” 


Convention Paper—W. A. Siater, “Structural Laboratory Investiga- 

tions in Reinforced Concrete Made by Concrete Ship Section, 
Emergency Fleet Corporation.” 

Convention Paper—W. A. Hutu, “Fire Tests of Concrete Columns.” 


Convention Paper—H. M. WrESTERGAARD, “Moments and Stresses in 
Slabs.” 


Convention Paper—Gerorcre HE. Braces, “An Accurate Mechanical So- 

lution of Statically Indeterminate Structures by Use of Paper 
Models and Special Gages.” 

Convention Paper—J. J. Eartry, “Building the Fountain of Time.” 


Convention Paper—RricHarp L. Humpurey, for two papers, “Twenty 
Years of Concrete” and ‘The Promise of Future Development.” 


Convention Paper—E. A. Docksraprr, for paper, “Reports of Tests 


Made to Determine Temperature in Reinforced-Concrete 
Chimney Shells.” 
Convention Paper—A. Burron Conen, for paper, “Correlated Con- 
siderations in the Design and Construction of Concrete Bridges.” 


THE HENRY C. TURNER MEDAT, 


PRESENTED Nort OFTENER THAN ONCE EACH YEAR, FOR “NOTABLE ACHIEVE- 


MENT IN OR SERVICE TO THE CONCRETE INDUSTRY.”’ 


AWARDED, 1928, TO 


Dg. AxTHUR N, TaLror, for “outstanding contributions to the knowledge of 


reinforced-concrete design and construction.” 
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PRESIDENT’S ADDRESS. 
By M. M. Uprson.* 


Custom decrees that at each convention some statement be forthcoming 
from your president. Whether this is a penalty inflicted by the Institute 
upon itself or by a chief executive upon himself, deponent sayeth not. 
It is expected that I shall spread before you a detailed résumé of the un- 
precedented records of the past year, that you may be shown the pinnacles 
of 1927 achievements, and that you may be taken up to great heights 
from which the future of the industry may be viewed. To proceed upon 
this program I hesitate. My reason for my reluctance may be illustrated 
by an incident I experienced in California. I am sure you who hail from 
this wonderful golden state, which I so truly admire, will forgive a betrayal 
of one of its very few eccentricities, 

I attended as a guest one of the celebrated Chamber of Commerce 
luncheons in the fair city of Los Angeles. It was held in the then new, 
beautiful and impressive Los Angeles Biltmore Hotel. I was told that 
there were twelve hundred people in attendance—ladies.and gentlemen— 
seated in the spacious and highly decorated ballroom. It was an unusual 
sight—an inspiring spectacle. The president arose and addressed the 
meeting somewhat as follows: “Ladies and Gentlemen, Members and 
Guests of the Chamber of Commerce of Los Angeles. You are assembled 
here today—the largest, the greatest Chamber of Commerce in all the world 
—here in this magnificent hotel, the most beautiful hotel edifice not only in 
this country but in all the world—here on this glorious day, this perfect 
California day, where we are blessed with the most wonderful weather in all 
the wide world. And while we are assembled it is fitting that I should tell 
you another record—one of our members has today paid his dues to this 
Chamber of Commerce for fifty years in advyance,—an unprecedented accom- 
plishment, a record before all the world!” 

Imitative of our enthusiastic Californian, we can say with perfect 
truthfulness that we are here today assembled in the greatest convention 
that the American Concrete Institute has ever held. 

It is fitting that we should step aside in our mad rush and pause to 
watch this procession of achievements as it passes by. The progress is rapid 
and sure, but unless we stop to measure the distance traveled we little 
appreciate how far we have come. 

In 1904 we met to discuss machinery mixers, handling devices, forms, 
and the like. Today we use a vocabulary then unknown—workability, fine- 


* President, American Concrete Institute. 
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ness modulus, water-cement ratio, inundation, etc., etc. They all constitute 
milestones to mark advancement, and seemingly they appear more and 
more frequently during recent years. 

It is but yesterday that we learned to predetermine with pencil and 
paper the strength of a mixture given the physical characteristics of the 
aggregate. And it has been even later that we have been able to establish 
a control that gives a concrete of uniform strength and characteristics. 
We are blossoming from the bud of guesswork to the full and glorious 
bloom of scientific certainty. 

With each development comes a new field of inquiry which promotes 
increased productivity. They all lead to two great goals; namely, better 
product and lesser cost. 

The American Concrete Institute aims, first, to assemble these facts 
as they develop; and second, to pass them on to the concrete-using world. 
We gather and we sow. Education is as important as is development. 
What gain to the industry, if a favored few hide their bits of truth, and 
the great outside world sails blindly on ever encountering uncharted rocks, 
courting disaster after disaster? 

The confidence of the public comes from satisfactory performance. 
One failure vitiates a dozen successes. The weak link determines the 
strength of the chain. For this reason your board of direction is endeavor- 
ing each year to extend the influence of the Institute. We were less than 
five hundred in 1920—we are now more than twenty-five hundred strong. 

We find that we must secure and print longer and more expensive 
papers; that we must communicate more frequently and more intimately 
with our members. All of this costs money, and for that reason last year 
we increased our dues. The increase is small and we believe is justified 
by the accomplishments. 

Consider the contributions to the industry that have been forthcoming 
in this convention. I shall point to but a few of the high lights: 

Let your minds dwell for a moment on the influence upon the quality 
of the concrete work of the world if the Concrete Primer which Mr. Me- 
Millan has so ably assembled can be placed in the hands of our construc- 
tion superintendents and foremen. A new light and a better understanding 
of old facts will guide them away from many pitfalls. 

So, too, will Mr. Lord’s paper and the E-1 report constitute a new bible 
of designing facts, of inestimable value to concrete engineering. “These 
are illustrative of the milestones that make and guide our forward 
progress. 

The co-operative effort of the cement manufacturer has also greatly 
aided. Early strength cement solves problems of construction and cost 
which have hitherto baffled our greatest skill. Better quality and more 
uniform quality of cement make possible increased economy and scientific 
control. Light aggregates are now approaching with a promise that they 
will open to cement, doors that heretofore have been completely closed. 

It is astounding to observe how this young stranger (Mr. Portland 
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Cement), who first came to our shores from foreign lands only a little more 
than a quarter of a century ago, has found his way into the homes and 
hearts of our best construction families. First he was received only by 
retaining walls, foundations and dams. Then, that brilliant amalgamation 
with the steel family provided him entrée to seemingly every construction 
aristocracy: buildings, bridges, roads, docks, bulkheads, pipe, piles, bins, 
tanks and even ships. One by one the lords of construction have opened 
their doors to this young stripling, until his popularity has carried the 
industry off its feet. 

Of the $6,000,000,000 spent last year in construction, almost $2,000,- 
000,000 represent structures in which concrete is the dominant material. 
In other words, one-third of the money spent in building goes into struc- 
tures which are essentially built of cement in one form or another. If all 
this can be accomplished in a little more than a quarter of a century, with 
no precedent or scientific data for a foundation, what, with our present 
knowledge, may be expected within the next 25 years? 

Two years ago we stood aghast at a 300-ft. reinforced-concrete arch. 
Today we watch with equanimity the erection of a span covering 650 ft. 
Who dares to measure the accomplishments of the future? 

As light aggregate finds its way into the industry in commercial quan- 
tities and at lower cost, many of our present limitations in design and 
construction will disappear. Again the avenues of advance open, and who 
can say how far they will lead. This is but one of a dozen new develop- 
ments which are creeping into the industry. Our eyes are blurred and 
bewildered as we try to gaze into the future. The world lies at our feet! 

Our able secretary has very aptly stated the aim of our organization: 
“To provide a comradeship in finding the best ways to do concrete work 
of all kinds, and in spreading that knowledge.” 

Here lies the strength of our effort—a society numbering 450 eight 
years ago—2,500 today, and possibly and probably 5,000 five years hence— 
each member working shoulder to shoulder in earnest and honest endeavor 
to find co-operative ways of helping the cement world. 

All great commercial and industrial attainments are based on this 
principle. This has been the source of America’s unprecedented industrial 
success. Men have assembled in friendliness and a spirit of co-operation 
to solve great problems. They have been willing to sacrifice personal opin- 
ions and ambitions on the altar of tolerance and scientific advance. No 
problem can withhold its secrets against such tactics. No community can 
withstand the sales propaganda thus initiated. By such methods all 
avenues shall be open to our bidding. 


A Stupy or Somge MetruHops oF MEASURING WORKABILITY OF 
CoNCRETE.* 


By Grorar A. SMITH AND GEORGE CONAHEY.f 


The workability of a concrete is that property which is indicated by 
the effort required to place the concrete in order to obtain a uniform and 
homogeneous finished product. This property was so defined by Messrs. 
Pearson and Hitchcock, Talbot and Richart, and other investigators. (Ref. 
1, 2, 7, 8, 9, 10, 11, 12, 138.) Because workability is the resultant of several 
properties of the ingredients and not a simple physical property it is diffi- 
cult of precise definition and measurement. It is affected by the proportions 
of the mix, the type and gradation of the aggregates, the cement and admix- 
tures used, the quantity of mixing water,-and possibly by other variables. 

The terms “consistency” and “workability” as applied to concrete, are 
recognized as representing entirely different properties. Many investi- 
gators have clearly pointed out the difference between the terms. (Ref. 7, 
8, 9, 10, 11, 12, 13.) Consistency has been defined as a property dependent 
upon the amount of water used in a particular mix whereas workability 
depends not only upon the water content but also upon the character and 
proportions of the materials used. In some of the early reports (Ref. 3, 
4, 6) of tests of concrete, the word “consistency” has referred to the water 
content of the mix and the word “workable” used as a qualifying adjective 
describing the concrete. Later reports have used the term “workability” 
to define a property of the concrete. 

Numerous devices have been developed for measuring the flowing and 
working properties of concrete and with a few exceptions the property 
measured has been more nearly the consistency than the workability. 
Among the various methods are the slump test (Ref. 14, 15, 16, 17, 18, 19, 
20), the flow test (Ref. 22, 23, 24), the plate test (Ref. 10), the drop test 
(Ref. 23), and the penetration test (Ref. 8, 9). 

All these devices and many new ideas were investigated before begin- 
ning these tests. It is evident that the slump cone cannot be used as a 
measure of workability because the same slump can be obtained with very 
rich smooth working mixtures and very lean harsh working mixtures by 
simply varying the water content. This same discussion is true of the 
flow table test, the drop test, the plate test, and of many other ideas sug- 
gested as methods for measuring workability. However, if the correct pro- 
portions for the desired workability are determined in the laboratory by 
an accepted workability measuring apparatus, the slump test might be used 
as a satisfactory test for field control. 


* Publication approved by the Director of the Bureau of Standards of the 
U. S. Department of Commerce. 

f Research Associates: The Celite Company Fellowship at the National 
Bureau of Standards. 
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Every device suggested for measuring workability was investigated. 
The penetration test as developed by Pearson and Hitchcock (Ref. 8, 9) 


FIG. 1.—APPARATUS DEVELOPED TO STUDY THE PLASTIC PROPERTIES OF NEAT 
CEMENT PASTES. 


was the only apparatus thus far developed that measured workability or 
at least measured a property different from that measured by the slump 


and flow tests. The work of Prof. A. N. Talbot (Ref. 26) in attempting 
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to deform a mass of concrete suggested a method which needed further in- 
vestigation. The lubrication of a concrete mixture is one of the important 
factors affecting the workability. It was thought that a method which 
would measure the plastic properties of a neat cement paste might give 
information about the workability of the concrete made with that cement. 
It was suggested that a modification in the method of operating the flow 
table or modifications in the flow table apparatus might develop it into 
a method for measuring workability. Accordingly the following four meth- 
ods were studied: 

(1) Studies were made of methods for measuring the plastic proper- 
ties of neat cement pastes. 

(2) Investigations of modified forms of the flow table were carried 
out. 

(3) Further investigation was made of the principle of mass deforma- 
tion which was suggested by Prof. A. N. Talbot’s early work in this field. 

(4) A further study was made with Pearson and Hitchcock’s pene- 
tration apparatus. 

Study of the Plastic Properties of Cement Pastes—The apparatus 
shown in Fig. 1 was developed from a suggestion of Dr. W. H. Herschel 
of the Bureau for the study of the plastic properties of neat cement pastes. 
The small ball was pulled through a column of the cement paste in the 
brass cylinder by means of weights in the scale pan. Data to show the 
relation of load to rate of shear were obtained. Although results which 
were of interest in their applicability to cements were secured, the work 
was discontinued because the apparatus could not be adapted to the 
measurement of the workability of concrete mixtures. 

In this study of the problem it was learned that the addition of fine 
and coarse aggregates to a cement paste changes its nature. A moderately 
wet rich mix (1: 1:2 mix, 3 to 4-in. slump) acts as a plastic material, 
that is, it will stand up under small initial loads but will flow under 
pressure. A lean mix (1: 2144: 5 mix) has more the properties of a granu- 
lar material, that is, it bulks or swells when dampened, it settles into the 
closest packed condition when inundated and shows dilatancy effects or 
expands if the shape of the mass is changed when the material is in the 
closest packed condition. : 

The Study of Ooncrete on the Flow Table—The same flow can be ob- 
tained by a change in the water content of very rich workable mixes and 
very lean non-workable mixes by the present method of operating the flow 
table. Because of this fact, this method of making the flow test is not a 
measure of the workability of the concrete. A study was made of modifica- 
tions in the method of operating the flow table, in the shape of the table 
top and in the method of measuring the distribution of the concrete after 
making the test, which might make it possible to measure the workability 
on the flow table. The segregation or the separation of the lubricating 
medium from the aggregates is one of the causes for the lack of workability 
in a concrete. It appeared possible to measure the segregation by a proper 
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division of the concrete mass after making the flow test. This measure- 
ment was attempted by dividing the area of the flow table covered by the 
concrete into two equal parts by means of circular cutters. The flow table 
and cutters are shown in Fig. 2. 

In this study a series of tests was made using the flat top table with 
a %%-in. drop, a second series with a 1%-in. drop and a third series with a 
1/16-in. drop. The shape of the top of the flow table was also changed 


FIG. 2.—FLOW TABLE AND CUTTERS. 


to use a concave top table 9/16 in. deep at the center and an inverted 
cone top table 2 in. low in the center. The results obtained with these 
irregular tops were no better than those obtained with the flat top table 
and are omitted from this report. 

Using the flat top table the study of the distribution of the ingredients 
of the concrete was made as follows: The batch was mixed and the flow 
test made in the usual manner except for the change in height of drop, 
that is, the concrete was placed in the standard mold, the mold removed 
and the table caused to drop 15 times in about ten seconds by means of a 


crank and cam. If the maximum and minimum diameters showed a differ- 
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ence greater than % in., the test was made on a new batch. The center of 
the mass was located by striking arcs from the edge. 
four points were located in the mass which determined the position of the 
cutter which would divide the area, covered by concrete, into two equal 
parts. The inner portion was a circular area. The outer was a circular 
ring. The volume and weight of the concrete and the weight of aggregate 


coarser than the No. 4 sieve in each portion were measured, A segregation 
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FIG. 3.—RESULTS OBTAINED IN FLOW TABLE AND CUTTER TESTS. 


figure was calculated as shown: 


Where 


A 
s=— 
B 


S= segregation figure 


A ‘= Per cent of the coarse aggregate in the specimen in the outer 


portion 


‘B= Per cent of the concrete in the specimen in the outer portion. 


From the center 
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This method did not show that there was segregation in any of the 
concretes, that is, S was equal, within experimental error, to unity. 
A workability figure was calculated as shown: 


wWw=— 
D 
Where W = workability 
C = Volume coarse aggregate in outer portion 
D = Volume coarse aggregate in inner portion. 
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The results obtained are shown plotted in Fig. 3. Other workability 
figures were calculated by a similar relation but using instead of volumes 
of aggregates, volumes of concrete in one case and weights of concrete in 
another case. These figures were similar but a little lower in value than 
those shown. A study of these results (Fig. 3) shows that using the % 
and 1-in. drops on the flow table this method did not measure the change 
in the concrete due to a change in the mixing water. The results obtained 
using a 1/16-in. drop on the flow table give a curve of the type expected, 
that is, a moderately dry or excessively wet concrete is less workable than 
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a moderately wet concrete. The few tests made with concrete of different 
proportions indicated that this method would show very little difference 
in the workability of concretes when large differences caused by other 
changes than the water content are apparent from the ease of mixing 
and placing. Because of the difficulties we had in making these tests it is 
also believed that the personal element enters into this method of using 
the flow table for measuring workability, even with the 1/16-in. drop, to 
such an extent that it is unsatisfactory as a standard test. 

Incidental to these measurements the flow of the concrete was meas- 
ured. The values for the flat top table with the 44, % and 1/16-in. drop 
are shown plotted in Fig. 4. These results show the importance of having a 
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Fig. 2-The Derorrmng Cylinder Apparatus. 


uniform and accurate drop at all times, when measuring consistency on 
the flow table. A small deviation from the height of drop causes a 
marked change in the results. 

Study of a New Method of Measuring Workability: The Deforming 
Cylinder Apparatus.—Dr. L. B. Tuckermann, of the Bureau of Standards, 
suggested a new method of applying the principle of mass deformation 
which was originally used by Prof. A. N. Talbot (Ref. 26) in his early 
work in this field. He suggested that the resistance of a mass of wet con- 
crete to deformation under a laterally applied load might be an indication 
of its workability. A crude apparatus was built to try out the idea and 
considerable time and study has been given to the development of this 
apparatus. In all, three methods of filling the cylinder, four methods of 
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applying the load, four sizes of cylinders and four methods of reducing the 
friction between the specimen and the base plate have been tried. 

The apparatus as now constructed is shown in Fig. 5. It consists of 
a flexible metal mold, of No. 30 gage phosphor bronze, 10 in, in diameter 
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and 6 in. high. The bottom edge is fitted with a rubber rim to reduce the 
friction when the cylinder is deformed and moved across the plate glass 
base. The upper edge is fitted with two small lugs to facilitate the meas- 
urement of the deformation. The base plate is a section of plate glass 
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12 in. wide, 14 in. long and % in. thick. It is placed on top of a flow 
table with a top 12 in. in diameter. The deformation is caused by the 
application of the load to the lever arms on each side of the cylinder mold 
at one-third the height of the specimen. The lever arms are 2x4 in. in 


FIG. 7.—THE IMPROVED SINGLE ROD PENETRATION APPARATUS. 


cross-section and 5 ft. long, pivoted 1314 in. apart anda attached at one end 
of the table supporting the apparatus. The load ends of the levers are 
attached to the load bucket by means of a cord over pulleys in such a man- 
ner that both levers are forced to move the same distance when the load 
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is applied. The load is applied by allowing shot to run into the load 
bucket from the reservoir bucket suspended on a spring balance. The 
reservoir bucket is fitted with a valve in the bottom similar to the valve 
in a briquet testing machine. The load is measured by the difference 
between the weight of the shot in the reservoir bucket at the start of the 
test and the weight of shot remaining at the time a reading is taken. 
The test is made as follows: The concrete is mixed in the usual man- 
ner and placed to a depth of slightly more than 5 in. in the flexible mold. 
It is jolted by means of the flow table, with a 1/10-in. drop, 30 times to 
settle the concrete to a height of approximately 5 in. and to overcome any 
personal errors or other inaccuracies in placing. A few trials enabled us to 
estimate very closely the quantity of concrete needed to fill the cylinder. 
The lever arms are then placed against the sides of the mold and the load 


TaBLE 1.—RESULTS oF TESTS WITH THE DEFORMING CYLINDER APPARATUS 


: Pounds Load Required to Cause 
Batch No: Mix by WIC Flow, Inches Deformation, etc. 


1% In. 1In. | 144In.| .2In. | 24% In. 


a | | sf 


Peisictidles sen vis stoae 1:14:3 0.911 103 17 33 40 56 
Dore eecoe sfoae erence 1:144:3 0.911 102 12 17 23 38 42 
Mado ad Sats sODOOraaae 1:1144:3 0.911 105 13 23 31 42 61 
AW Or az so eels civ soies.0 ere 1:14%:3 0.911 103 14 20 29 40 53 
1:2:4 1.13 106 29 51 70 86 86 
1:2:4 1.13 107 29 49 65 84 104 
1:2:4 1.13 109 25 41 57 78 105 
1:2:4 1.13 107 28 47 64 83 98 
1:214:5 1.37 99 49 61 78 92 110 
1:24%:5 1.37 96 49 63 75 84 106 
1:214:5 1.37 92 34 50 71 93 117 
1:24%:5 1.37 96 44 58 75 90 111 


is applied by starting the flow of shot. The load required for each %-in. 
increment reduction in diameter of mold is read. 

The average results of the last series of tests made with this apparatus 
are shown plotted in Fig. 6. The individual reading from which these 
curves are plotted are given in Table 1. The difference in workability, as 
measured by this apparatus, between the 1: 2: 4 and 1: 24%: 5 mixes is so 
small as to throw doubt on the value of the apparatus used. There was 
a wide variation between the individual tests on the same batch as may 
be seen from Table 1. The load required to reduce the diameter of the 
cylinder 14% in. appeared to give the best value for a workability figure. 
Other tests made with this apparatus showed that it was not sensitive 
enough to show any effect of a longer time of mixing on the workability. 
However, it is believed that an apparatus using the same principle as this 
one might be developed into a satisfactory device for measuring workability. 

The Improved Penetration Apparatus.—After completing several thou- 
sand tests, on all other methods suggested for measuring workability, we 
again took up the study of the Pearson and Hitchcock penetration appara- 
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tus (Ref. 8, 9) with a view of improving it. This apparatus consisted 
essentially of a metal rod % in. in diameter, 20 in. long, held by means of 
a spider and sleeve in a vertical position over the center of a 6x12 in. é 
cylinder mold which was mounted on a small flow table. The concrete to 
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FIG. 8.—RESULTS OF TESTS MADE WITH SINGLE ROD IMPROVED PENETRATION 
APPARATUS. 


be tested was placed uniformly in the mold and compacted by 30 drops of 
the flow table, then the rod was inserted in the sleeve and lowered into the 
concrete until it came to rest under its own weight. The mold was then 
jarred by raising and dropping the flow table. The number of drops re- 
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quired to cause the rod to penetrate 10 in. into the concrete was a rough 
index of the workability. 

The continual jarring, in this method of making the test, caused a 
non-uniform segregation and compacting of the aggregates in the concrete 
being tested. This action produced extreme variation in the results and 
had a marked effect upon the precision of the test. It was thought, that if 
an external force could be used to drive the rod into the concrete, the appa- 
ratus could be made to function satisfactorily, the precision of the results 
would be improved, and the workability figure could be expressed in actual 
inch pounds of work. 

A miniature pile driver was first constructed to drive the rod into the 
concrete. The tripping device was set in a fixed position so that the ham- 
mer fell through varying distances in driving the rod into the concrete. 
This variation in the height of fall of the hammer made it difficult to cal- 
culate the energy expended which was taken as a workability figure. In 
other respects this was a great improvement over the original apparatus. 

An improvement, Fig. 7, was made to this apparatus by attaching an 
automatic tripping device to the hammer so that the height of the drop 
of the hammer was kept constant. The modification which made this 
possible was suggested by Dr. L. B. Tuckerman of the Bureau. With this 
apparatus the energy absorbed by the concrete could be easily calculated by 
the equation: 


W =p(Rk, + H,)+ nhl, 
Where p = depth of penetration in inches 
R,, = weight of rod in pounds 
H, =weight of hammer in pounds 
m =number of blows struck 
h =height of fall in inches 


A number of tests were made with the apparatus thus modified on 
concretes varying in richness from 1: 3:6 to 1:14%:3. The results of 
these tests are shown in Fig. 8. A study of these results show that the 
energy so calculated on the modified apparatus measured either workability 
_ or a parallel property of the concrete for the results line up in the same 
order as is observed in the field. For this reason we shall call this energy 
the “workability figure’ for the concrete. The different concrete mixes 
have different workability figures when mixed to the same consistency as 
measured on the flow table. A 1: 114: 3 concrete is easier to place than a 
1: 2:4 concrete of the same flow and the rich mix has a lower workability 
figure than the lean mix. Similar comparisons can be made with the 
other mixes. A dry concrete (flow 40 to 60) or an excessively wet concrete 
(flow 140 to 160) is more difficult to place and has a higher workability 
figure than a moderately wet concrete (flow 100 to 120). The use of an 
excessive quantity of mixing water has a greater detrimental effect on the 
lean mixes than on the rich mixes. (Apparently it causes a more com- 
plete segregation of the aggregates in the lean mixes. ) 
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A study of the individual tests with the single rod apparatus showed 
a rather wide variation in the results. Occasionally when testing the very 
rich and workable mixes the rod would penetrate more than 11 in. under 
its own weight. When this occurred it was impossible to obtain a work- 
ability figure. In order to reduce the variation of the individual results 
and to obtain a workability figure for all mixes a three-rod plunger was 
substituted for the single rod. The three rods were each % in. in diame- 
ter and rigidly fastened together at the top so that they could be driven 
down as a unit. A series of tests were made with the three-rod and the 
single-rod apparatus with the concrete specimen in a 6x 12-in. mold. The 
results are shown in Fig. 9. 
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FIG. 9.—RESULTS OF TESTS WITH SINGLE ROD AND THREE-ROD PENETRATION 
APPARATUS IN 6 X 12-IN. MOLD. 


A study of these results showed that the three-rod plunger did not 
measure as great a difference between the same concrete with a flow of 70, 
90 and 110 as was measured by the single-rod apparatus. The difference 
when the rods had penetrated about 7 in. (see Fig. 9) was greater but at 
the depth of 11 in. the three-rod plunger showed very little difference 
between the three concretes.: From observations made during the test it 
was concluded that the space between the walls of the cylinder and the 
penetration rod had a very marked influence on these results. Accordingly 
a cylinder 84% x 12 in. was built and the driving mechanism adapted to it. 
The program of tests with the 6x12-in. mold was duplicated with the 
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81x 12-in. mold. The average curves obtained from the results obtained 
in these tests are shown plotted in Fig. 10. To avoid confusion in the curves 
of Fig. 10 are drawn with different abscissas instead of the same as in 
Fig. 9. In these tests there was a greater difference in the workability 
figures obtained with the three-rod apparatus than with the single-rod 
apparatus. These figures were, however, of the same relative values and 
indicate that the three-rod apparatus is more sensitive than the single-rod 
apparatus. The curves of Fig. 10 continue to diverge at the 11-in. pene- 
tration as contrasted with the curve of Fig. 9 showing that the effect of the 
walls of the cylinder on the test has been corrected. 
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FIG. 10.—RESULTS OF TESTS WITH SINGLE ROD AND THREE-ROD PENETRATION 
APPARATUS IN 814 x 12-IN. MOLD. 


The precision of the results obtained with the large mold and the 
three rods does not appear to be particularly better than with the one rod. 
Complete data are not yet available but it is believed that an improvement 
has been accomplished. In the first place the three-rod plunger will not 
penetrate 11 in. into the concrete specimen under its own weight. The 
range of applicability of the test seems: to have increased, that is, it is 
believed that a wider range of gradation of the aggregates can be tested. 
The larger mold requires a larger quantity of concrete and it appears to be 
more easily placed to form a uniform specimen. The three-rod apparatus 
appears to be more sensitive than the single rod because the difference in 
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the workability figures is larger but of the same relative order as those 
obtained with the single-rod apparatus. 


FIG. 11.—ENLARGED AND IMPROVED PENETRATION APPARATUS, 


In order to compare the results of tests made with the improved 
apparatus, Fig. 11, with those obtained by Pearson and Hitchcock tests 
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were made using hydrated lime, Florida kaolin, celite and additional cement 
to improve the workability. The mix used was 1: 2: 4 (by volume). The 
cement had a fineness of 85.9 per cent and passed all the requirements of 
the Bureau of Standards for portland cement, Circular 33, fourth edition. 
The fine aggregate was washed river sand having a fineness modulus of 
2.75 and the coarse aggregate was gravel graded from No. 4 to % in. 

A test with the enlarged penetration apparatus was made as follows: 
A batch of material which, when mixed, would a little more than fill the 
mold, was carefully prepared. This was mixed by hand in the usual man- 
ner for two minutes from the time the water was added. The flow was 
then measured and the concrete again slightly mixed to insure uniform 
distribution of the materials. The penetration mold was filled at once, 
to within %4 in. of the top and jolted 30 times to settle the concrete. The 
driving mechanism (which was supported from a pulley directly over the 
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*3 lbs. per bag of cement; ** Based on all the cement used. 


mold) was lowered into place, the penetrating rods being raised at the 
same time so as to be free from the concrete. With the hammer resting 
on the spider holding the rods, the rods were lowered to the zero mark and 
released. The rods were then driven down by means of the hammer and 
the number of blows required for an ll-in. penetration, recorded. The 
mold was emptied, the concrete remixed slightly and the test repeated. 
The workability figure was taken as the work done by the rods and the 
hammer in accomplishing the penetration. (See equation given above.) 
The tests compared were made at the same time and consisted of three 
penetration tests on each of five batches of concrete for each condition. 
Results of these tests are given in Table 2 and are shown plotted in Fig. 12. 

Pearson and Hitchcock found (Ref. 9) that the workability of a con- 
crete mixture was about equally improved by the addition of 9 Ib. of 
hydrated lime, 6 lb. of kaolin or 3 Ib. of celite per bag of cement or by the 
use of 25 lb. of additional cement. A study of the results of the tests in 
Table 1 and Fig. 12 showed that, as measured by the three-rod penetration 
apparatus, the workability of a concrete mixture was about equally im- 
proved by the addition of these fine materials in proportions used by 
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Pearson and Hitchcock. In the cases where smaller amounts of the admix- 
tures were used the results seem to be more consistent than those obtained 
by Pearson and Hitchcock. 

Résumé.—The apparatus developed in the study of the plastic prop- 
erties of neat cement pastes could not be adapted to measure workability 
of concrete. 
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FIG. 12.—RESULTS OF TESTS FOR WORKABILITY OF CONCRETES WITH AND 
WITHOUT ADMIXTURES. 


The tests made with the modified flow table and cutters did not 
develop a satisfactory method for measuring workability. The results of 
individual tests varied over a wide range and the difference in workability 
between mixes of different proportions was small. The personal element 
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enters to a large degree into this method of making this test for work- 
ability. 

The results of tests made with the deforming cylinder apparatus were 
somewhat discordant among themselves. The differences in workability 
between the lean mixes of different proportions as measured by this appara- 
tus were not large enough to be distinct and conclusive. The test was not 
sensitive enough to show the effect of an increase in mixing time on the 
workability of the concrete. However, it is believed that this method 
might be developed into another satisfactory method for measuring work- 
ability. 

The tests with the penetration apparatus have brought about the modi- 
fication and improvement of this apparatus for determining an index of the 
workability of a concrete mixture. The use of the pile driver mechanism 
has eliminated the compacting of the aggregates which often prevented the 
rod from penetrating to the desired depth and which also decreased the 
precision of the test. The rods can now be driven to the desired penetra- 
tion. The use of the smaller weight of rods requires a sufficiently large 
number of blows to give a workability figure for the very workable con- 
crete mixtures. The larger mold has materially expedited the placing of 
the sample and lends itself to a more satisfactory distribution of the 
materials in the specimen thus reducing the personal element in the test. 

In order that a satisfactory workability figure may be obtained, it is 
believed that the average of three tests on each of five similar batches is 
necessary. Subsequent tests have shown that average workability figures 
obtained with this number of tests check very closely when conditions and 
manner of making the test are carefully controlled. 

Compared with variations in test methods used to measure the other 
properties of concrete specimens, the variations in this method of obtain- 
ing a workability figure are not excessive. 

The materials employed, thus far in developing this apparatus, have 
been limited to the sizes of aggregates and mixtures commonly used in 
reinforced concrete. The future work should be extended to the use of 
larger aggregates. The apparatus can probably be further improved in 
precision by increasing the size of the test cylinder and further work along 
this line is planned. 

Each step in the development and improvement of ‘the penetration 
apparatus has increased its reliability as a device for determining an index 
of the workability of a concrete mixture. It is believed that the present 
form gives the most satisfactory index of workability yet developed. It is 
suggested that it be studied further as a standard for evaluating the work- 
ability of concrete. 
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CEMENT AS A Factor IN THE WORKABILITY OF CONCRETE.” 


By P. H. Barres? anp J. R. Dwyer? 


In this paper will be discussed some of the data which have been 
obtained at the Bureau of Standards in its study of the workability of 
cement pastes. So far the studies have not been extended to concrete mix- 
tures. However, if it can be demonstrated that there are differences in the 
workability of pastes, then it would follow that these different. workabili- 
ties must also affect this property of concrete. Since it has not been dem- 
onstrated to any degree of satisfaction that pastes made from different 
cements do have different degrees of workability it was thought desirable 
to attempt to measure this property quantitatively and then at a later 
time to demonstrate the effect of the pastes made from different cements 
on the same dry mixture of aggregates. 

We have had considerable thought given to the effect on workability 
by the character of the coarse aggregate,—its size, shape and the amount 
compared with that of the fine aggregate, the relative amounts of the total 
aggregates and cement, the amount of water, the degree of mixing, etc. 
On the other hand, we have had little thought given to the part that 
cement may play in inducing workability in concrete. It may have been 
assumed that since there is a certain standard for cement to which all 
portland cements produced will conform at practically all times these same 
cements will be alike in all other properties although these other properties 
may not be indicated in this standard. This may be the reason why there 
has been little discussion of the influence of cement on the workability of 
concrete. But cement as a factor in this desired property of concrete 
should also be a matter of primary importance because it is the factor 
which confers to the water used in mixing the concrete those qualities 
which are essential for making workable mixtures. 

The dry coarse aggregates, regardless of whether rounded or angular 
in shape, do not have those characteristics which are associated with work- 
ability. When well graded so as to produce maximum density they do not 
flow as readily as they do when they are sized within narrow dimensional 
limits, but under these latter conditions they lack density to too great a 
degree to be acceptable as aggregates. When composed of different sized 
particles, as they usually are, they are also subject to ready segregation 
of the coarse particles on handling, which in turn requires more working 
to obtain the needed uniformity. When mixed with fine aggregate to secure 


1 Publication Approved by the Director of the Bureau cf Standards of the 
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greater density, increased likelihood of segregation again results, hence 
decreasing the desired workability. If water is added to the mixed aggre- 
gates in any marked amount the likelihood, of segregation is further in- 
creased, although there may now be obtained the quality of more ready 
flowability. It is only when the cement is used: in connection with the 
water and the mixture of aggregates that we begin to obtain workable 
concrete in its true sense—the somewhat sticky, relatively easily deformable 
and readily flowable non-segregating mass of water, cement and aggregates. 

Experimental procedure to measure workability of cement pastes has 
not been developed to any great degree. Considerable work has been done 
on plastering mortars in this respect, particularly by Emley,? whose last 
design of apparatus has been accepted by the American Society for Testing 
Materials as the means of determining the plasticity of hydrated lime and 
is so indicated in its standard specification C6-24, “Standard Specification 
for Hydrated Lime for Structural Purposes.” This same equipment has 
been used by Weymouth in determining the plasticity of brick mortars.” 
Emley, in his paper above referred to, indicates the variety of apparatus 
which can be used for the purpose in question and discusses the limitations 
of each, but he was dealing with materials which can be considered as 
being quite plastic and very fine grained as compared with portland cement 
pastes. It would seem that lime pastes and portland cement pastes are 
distinctly different and it would possibly be better to refer to the latter 
as being more or less workable rather than plastic; hence it was not 
thought advisable to use in the present study his plasticimeter or many 
of the other types of apparatus referred to in Emley’s paper, although 
they may be studied in later work. In fact, in the present paper it is 
rather the intention to show that different cements have widely different 
working qualities, and to show this with equipment which is at hand in 
most laboratories or can be readily constructed therein. Three methods 
were used in this work. 

Eotrusion Apparatus—The first method was carried out with the 
apparatus shown in Fig. 1. This is an adaptation of a device used in a 
number of tests in clay working research. Reference to it appears as far 
back as 1914.2 The particular apparatus used in the tests herein described 
was designed by Mr. Grunwell, of the Bureau staff, in connection with 
some studies of the extrusion of clays. Its adaptation to the study of 
portland cement paste required considerable experimentation before suitable 
size of orifice and speed of piston were selected. As a result of this study, 
the tests herein reported were made using a %4-in. round orifice and a piston 
speed of % in. per min. Two consistencies only were used, 25 and 30 
per cent of water, by weight of cement. The results obtained using 25 per 
cent water only appear in Fig. 2. 


1“Measurement of Plasticity of Mortars and Plasters,” Emley, Technologic 
Paper No. 169, Bureau of Standards. 

2“Tmproved Brick Mortars,” Weymouth, Proceedings, American Society for 
Testing Materials, Volume 27, 1927. 

2“ Plow of Clay under Pressure,” Bleininger and Ross, Transactions, Amer. 
Cer. Soc., 1914, page 392. 
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The method of procedure was as follows: Pass cement through a 


No. 20 sieve, pour water at 20 deg. C. into the cement, allow 144 min. for 
absorption, mix by hand for 1 min., fill cylinder, place between the heads 
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of a low capacity compression testing machine, and apply pressure at 344 
_to 4 min. after addition of water. The weighing beam was kept balanced 
and readings taken ordinarily at 1/10 in. intervals until the piston had 
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traveled 3 in., or the capacity of the machine, 2,000 Ib., had been reached. 
In Table 1 are given some few characteristics of the cements in ques- 
tion which might influence their behavior in the extrusion cylinder. There 
seems to.be no constant relation between the extrusion test results and » 
either the fineness on the 200 sieve or the setting time. In general, it 
appears that the load at a given point increases with the water require- 
ments of the neat cement in so far as the latter is measured by the Vicat 
test for normal consistency. However, there are some wide exceptions to 
this statement. Cements 3, 4, 1 and 6 require approximately the same 
percentage of water for normal consistency. Cement 9 requires about 24 
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per cent; cement 2, 241%4 per cent; and cement 12, 27.6 per cent. However, 
these three latter cements give curves which are very closely related as 
to position. Relatively cements 9 and 12 would be considered highly 
plastic, while cement 8 would be considered as of the opposite nature. 
Their positions in Fig. 2 should be noted. 

Apparently the ability of a cement to hold the mixing water is indi- 
cated by these results. This is also made very apparent. by reference to 
the portions of the specimens removed from the cylinder at the end of the 
test, as shown in Fig. 3. The specimens in the upper row had contained 
25 per cent water; those in the lower row, 30 per cent water. At the end 
of the test the larger portions of the specimens were very hard and dry. 
The ability of a paste or mortar to hold water, especially when in contact 
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with an absorbent base, as a brick or a coat of plaster, is of extreme 
importance in a study of workability of these materials. Such are gen- 
erally placed upon absorbent bases, and to be truly workable to the artisan 
they must not readily give up water to the base but must remain plastic 
for a period sufficiently long to permit of their proper usage. This fact 
was borne in mind by Emley in developing his plasticimeter and the meas- 
urements with his apparatus are made on the paste after placing on a 
standard absorptive base. One of the valuable features of the extrusion 
cylinder seems to be its ability to demonstrate the marked difference in the 
pastes in their remaining fluid during the test in question. As indicated 
by Fig. 3, some pastes remain readily flowable and are largely forced out 
of the cylinder before the capacity of the machine is reached. Others 
seem to act as a filter cake and allow a small portion of the paste and a 
large percentage of the water from the residue to pass out of the orifice, 


TABLE 1—FINENESS, NORMAL CONSISTENCY, AND TIME or SET OF THE 
CEMENTS USED. 


Setting time 
Cement Initial Final Normal 


number Fineness Hrs. Min. Hrs. Miné consistency 
fi 82.6 3-15 6-00 22.5 
2 92.7 6—00 7-45 24.4 
3 81.7 3-45 6—00 DBP 
a 80.8 3-00 5-00 22.6 
5 82.6 2-30 5-00 22:3 
6 87.3 4-15 6-45 22.4 
7 84.0 4-15 7-15 23.0 
8 79.7 5-15 6-45 23.4 
9 90.8 4—00 5-45 24.1 
10 84.4 4-45 6-30 Peal 
nlak 88.6 3-15 5-15 22.8 
12 99.3 (a) 3-15 6-15 27.6 


(a) Passing No. 325 sieve = 97.8%. 


leaving a large part of the original charge in the cylinder as a dry com- 
pact mass. In passing, it might be stated that cement 10 is used in com- 
merce for some special work where its water-holding properties are 
important. 

Ball Plasticimeter—tThe ball plasticimeter as used in this study is 
shown in Fig. 4. This is not the first attempt to apply it to a study of 
neat cement. The apparatus was largely built by Messrs. Conahey and 
Smith for work at the Bureau in connection with their paper in this sym- 
posium. Essentially the test consists of determining rate of shear of the 
paste effected by various loads applied to pull the ball out of the paste. 

The process as finally developed was as follows: ‘The cement was 
passed through a No. 20 sieve and then gradually added to 36 per cent 
of water* at 20 deg. C. One-half min. was allowed for absorption. The 
paste was then thoroughly mixed with a trowel for 3 min., after which it 
was allowed to stand for 114 min. Then the paste was remixed for 1 min. 

* This amount of water was used because any large increase or decrease 


resulted in conditions unfavorable to the attaining of satisfactory working con- 
sistency ; that is, the paste was either too dry or too wet. : 
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and poured into the cylinder. The ball was then placed and centered by 
means of a rod, and a load, estimated as appropriate, was placed in the 
pan. The pan was then released, and the time of passing over a 30 cm 
interval shown in Fig. 4 was determined. The test was then repeated with 
smaller weights, endeavoring to secure about 5 different loads. The cylin- 
der was not emptied and refilled as in earlier tests but before each placing 
of the ball the agitator was used, it being moved up and down through 
the height of the cylinder 5 times. Fifteen seconds were allowed each time 
between the placing of the ball and the release of the load. 

When the first group of weights had been used, the process was 
repeated 5 times. Examination of the series then showed an increasing 
rate of shear for a given load, as the cement was subjected to reworking. 
This increase became less with repetition and the last 3 loadings usually 


FIG. 3. PORTIONS OF SPECIMENS REMAINING IN CYLINDER AT 


COMPLETION OF TESTS. 


Upper row prepared with 25 per cent water and lower row with 30 per cent 
water. Cement numbers from left to right are 2, 7, 5, 1, 6, 4, and 3. 


showed comparatively close agreement in results. Of course, preceding the 
load at the end of a group the paste had more mixing or agitation than 
preceding the first load. The last 3 groups were arbitrarily taken as the 
basis for an average curve, due to a number of considerations. After these 
tests had been completed, the cement was then allowed to stand 30 min., 
when it was thoroughly agitated and series B, of three groups of the same 
loads as used at first, was carried out. 

The curves resulting from these tests appear in Fig. 5 and give some 
comparison of the rate of shear at various loads under the conditions 
described. Cements 8 and 9 are extremes, but otherwise there is little in 
common between this method of investigation and the extrusion cylinder 
method, but there is a distinctly marked difference between the different 
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cements. Neglecting cement 9, producing the distinctly fatty or workable 
paste, we find that the load required to produce the same rate of shear 
with the different cements may vary as much ag 250 per cent. The 
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FIG. 4-Bal/ plasticimeter used in a study of cernent pastes. 


apparatus deserves further study, even though the results were not as 
precise as desired. It appears to be very sensitive, as indicated by the 
values‘ obtained while the paste was aging. This however, should be con- 
sidered an excellent quality in the apparatus and not a fault. 
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Capillary Tube.—tThe first attempts to use the flow of a cement paste 
through a capillary tube were not satisfactory, because of the residual coat- 
ing on the inner surface of the burette which prevented accurate or ready 
reading of the position of the column, or of the amount of discharge. In 
order to eliminate this difficulty, the apparatus shown in Fig. 6 was 
devised. After some preliminary trials, it was decided to use a capillary 
having an internal diameter of 0.2 cm, and utilizing cement pastes of 
three consistencies, 39.5 per cent, 42 per cent and 44.5 per cent water. 
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The process was as follows: Into the water at 20 deg. C. there was 
gradually poured the cement, which had passed a No. 20 sieve, the mixing 
being done by an electric stirrer, such as used by soda fountains. After 
3 min. mixing, the paste was poured into the flask through the side 
opening. Kerosene was then poured into the top of this opening and the 
stopper was inserted. Then kerosene was poured into the top of burette 
until the latter was filled slightly above the top graduation. At 4 min. 
after mixing had been started, the cap was removed from the end of the 
capillary and the rate of flow noted, stop-watch readings being taken at 
various intervals. ~ 
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The use of the apparatus as here designed involved some slight 
approximations in the calculations. The total effective pressure at the 
start was computed on the basis of 0.8 for relative density of the kerosene 
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and 2.0 for the paste. To the pressures thus calculated was added the 
pressure of the air when any was used through the top connection. The 
changes in pressure were based only on the change in the height of the 
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kerosene column. The height of the cement paste above the end of the 
capillary changed during the test, involving some change in head due to 
the relative density of the paste and that of the kerosene. However, this 
change in height for the paste was not uniform for all cements and no 
correction was made for it. Some of the pastes on opening the capillary 
settled quite uniformly across the section of the flask while others devel- 
oped conical or even narrow, deep craters, the paste adhering quite 
tenaciously to the glass sides. 

Test series A was made with the pressure of the kerosene column only, 
and test series B with 1 lb. of air pressure added to the top of column. 
The results of the latter tests indicate that the use of a modified apparatus, 
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with considerably higher pressures, might eliminate some of the difficulties 
attendant on these tests, and would permit of determinations based on the 
time of flow of a considerable quantity of cement at any constant pressure 
head. : 

The results of the 42 per cent consistency tests are shown in Figs. 
7 and 8. The data of series A were first plotted on the basis of the 
accumulative discharge at any time after the test had been started, and 
from the average curves of such plottings some of the calculations as to 
rate of flow were made. These accumulative discharge curves are shown 
in Fig. 7, and are of interest largely in that they show the relation between 
time and the quantity of paste discharged. When curves do not extend to 
the 50 ce discharge, it indicates that flow at that point was interrupted 
by the kerosene forcing its way through the paste, due to the uneven 
settlement of the latter. 

The data from these tests were then examined from the basis of the 
rate of flow at various heads. The results of such study are shown in 
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Fig. 8. Note again the relation of cements 9 and 8, and bear in mind that 
these are produced by the same manufacturer but at two different mills. 
The former is considered by the manufacturer as being distinctly workable, 
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while the latter is considered decidedly the opposite. Note also that the 
rate of flow at a pressure of approximately 1.9 lb. per sq. in. ranged from 
0.4 ce per sec. to 2.5 ce per sec. The parallelism of the curves for the 
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higher pressures used is quite striking, although its significance has not 
been particularly studied. The deviation from this characteristic for 
cements 9 and 12 has also not been thoroughly studied, but it suggests the 
use of higher pressures for all the pastes, and it would appear that with 
the higher pressures the curves for rate of flow from even the very unusu- 
ally stiff and sticky pastes would parallel those having the more usual 
characteristics. 

It was not expected that the three methods of investigation used would 
permit of arranging the cements in the same order. This was particu- 
larly true of the extrusion cylinder, which seems to measure very strik- 
ingly the water-holding properties of the paste more than the flowability. 
This is essential information in one phase of the workability studies and 
is apparently not indicated in the other methods. But for the sake ot 
ready comparison of the results of the methods the different cements are 
arranged in the following group, according to the order of workability as 
indicated by the three methods: i 


Capillary Ball Extrusion 
tube plasticimeter* ~ eylinder 
12 9 2 
9 2 12 
5 6 9 
i! 5 § 
4 at al 
rai 4 10 
a5 i 10 t¢ 
2 3 5 
3 8 11 
10 6 
6 4 
8 3 


* No tests made of Nos. 7, 11 and 12. 


Résumé.—lt would seem from these simple methods that it has been 
demonstrated that cements do differ markedly in their workable character- 
istics when mixed with water. It would seem quite logical to conclude 
that they would confer these different characteristics on any aggregate 
with which they might be mixed. To definitely establish this fact the 
work will be continued and extended to mortars and concretes. However, 
other apparatus will have to be used for these two products. In the 
meantime it is also intended to study further the characteristics of the 
pastes from cements. It is not felt that the studies so far made are other 
than very preliminary, but they have served their purpose in showing that 
pastes from different cements have different characteristics which can be 
readily demonstrated and are quite likely of importance in their effect on 
the workability of concrete. 

There was presented in the early part of this paper a definition of 
workability as related to concrete. According to this, one of the charac- 
teristics of workable concrete is ready deformability. In discussing the 
data, obtained with the several pieces of apparatus, it has been indicated 
that the less readily deformed pastes would produce the most workable 
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concrete. It can be readily realized that a paste offering but little resist- 
ance to deformation would not have the quality of preventing the particles 
of aggregate coming into direct contact with one another when mixed with 
them. This lack of separation through lubrication on the part of a readily 
deformable paste would result in too great friction between the particles 
of aggregate during the handling of the concrete, with consequent difficult 
deformability and workability. The relation between the amount of 
energy required to deform a paste which would produce a satisfactory 
working concrete and the energy required to deform the concrete made 
with the paste is another matter for future work. However, we should 
not lose sight of the fact that a too easily deforming paste would not 
have the lubricating character or “body” required for the proper “lubrica- 
tion” of the aggregate. Such a paste would give a “light” lubricant when 
a “heavy” one should be used. 


GRADATION AND CHARACTER OF AGGREGATES AS A FACTOR IN 
WORKABILITY. 


By A. T. GOLDBEOK.* 


Introduction.—Before attempting a discussion of the gradation and 
character of aggregates as a factor in the workability of concrete, it is 
necessary that we have clearly in mind what we mean by the term work- 
ability. Concrete is thought of as being workable when it may be conveyed 
with the greatest ease and with the least amount of segregation and when 
it may be distributed within the forms and brought to the desired finish 
with the least amount of effort. If conveyed by chutes the concrete must 
be mobile and capable of easy flow, yet must have unctuous properties 
which will hold its component particles together without separation of the 
mortar from the coarse aggregate. If buggies are used, the mobility of 
the concrete or the ease with which it will flow is not important in the 
transportation problem. If the plant is a central mixing plant and the 
concrete is transported in motor trucks, our principal concern is to prevent 
segregation during transportation. If wet concrete is used which will flow 
readily from the mixer into the truck and which is very mobile, we will 
find that when our so-called workable concrete has arrived at the end of 
its journey in the motor truck there will be a layer of wet mortar at the 
surface and the heavy coarse aggregate will have compacted at the bot- 
tom. A mixture having highly plastic properties but dry consistency is 
preferable when it is to be hauled by motor truck. Evidently, then, de- 
pending upon the mode of transportation of the concrete, we must have a 
sliding scale of workability. A mix, workable for one mode of transporta- 
tion from mixer to forms, may be entirely unsuited and unworkable when 
other transportation means are used. 

The workability of the concrete within the forms may also vary widely 
depending upon the peculiarities of the structure with which we are deal- 
ing. Thus, if we are depositing mass concrete, we need be little concerned 
with the difficulty of spreading the concrete within the forms, for little 
spreading need be done. We are concerned, however, with the economy of 
the mixture, with the production of concrete having correct properties for 
the structure such as strength, density, and perhaps impermeability but 
we also are concerned with the use of a mix having sufficient workability 
to produce the desired finish adjacent to the forms and without air-pockets 
within the mass. In this case considerations of economy of materials may 
be more important than the attainment of an easy flowing plastic mass. 
Here, large aggregates extending up to 6 in. in diameter and well graded 
to produce low voids are often used with economy. 

Where sections are thin and are filled with reinforcing steel, the 
greatest degree of workability is required in the concrete mass. Especially 
is this so where there is little opportunity to assist the concrete in assum- 


* Director, Bureau of Engineering, National Crushed Stone Association. 
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ing its final position. In concrete highway construction we speak of a 
concrete as being workable if it may be spread easily and if the finishing 
may be carried on with little necessity for the finishing machine to back up 
a number of times in order to attain the desired degree of smoothness. 
It is evident then that the degree of workability required is dependent 
upon: 

(a) The method of transportation of the concrete. 

(b) The character of the structure. 

(c) The importance of workability in relation to other factors 

such as economy of mix, etc. 

It seems necessary to express the above thoughts to make it clear that 
there may be other properties of concrete more important for the particu- 
lar work in hand than the attainment of the highest degree of workability. 
Econemy is overall cost and other properties desired in the finished struc- 
ture often may best be obtained by purposely sacrificing some workability 
for more important considerations. 

It will be assumed, however, that we are trying to produce a concrete 
having the greatest workability in the sense that it may be most easily 
handled and most easily finished after it is placed in position. The ques- 
tion of the gradation and shape of particles will be discussed from that 
standpoint. If by workability we mean mobility, and ease with which the 
concrete may be worked into position in the forms with no surface pockets 
and no large internal air voids or if we mean the ease with which the 
surface finish may be given to a structure such as a concrete road, then 
it would seem that we are dealing in large degree, although not wholly, 
with a question of internal friction within the concrete and those factors 
which make for low internal friction are those which will make for ease in 
handling. The following characteristics of both fine and coarse aggregates 
must be considered in their effect on the internal friction within a concrete 
mass: 

1. Shape of particles. 

2. Smoothness of surface or surface characteristics of the par- 
ticles. 

3. Mechanical grading of the particles from the coarsest to the 
finest. 

(1) Shape of Particles—Aggregates used in concrete involve two gen- 
eral shapes, rounded material such as gravel, and angular material such 
as crushed stone, crushed slag or gravel. The degree of roundness and the 
degree of angularity vary widely. If we conceive of the coarse aggregate 
as being in rather close contact it is not difficult to visualize the inter- 
locked position taken by angular particles and it is not difficult to see 
that such particles must by virtue of that interlocking be retarded in their 
free movement more than is the case with rounded particles. Angular par- 
ticles by their very nature will not permit of as free an internal movement 
as rounded particles and this is all the more accentuated in our present 
widely used, but highly unscientific, arbitrarily proportioned mixes, in 
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which the same proportions by volume are used for angular particles as 
for rounded particles. 

Shape of particle does not alone control the mobility a the mass, for 
the coarse aggregate is lubricated by the mortar and almost equal mobility 
is possible of attainment whether rounded or angular coarse aggregate is 
used merely by a suitable change in proportions to accomplish that pur- 
pose. It must not be assumed, however, that such a change in proportions 
necessarily means the use of more cement in one case than in another to 
produce equal strengths, for it has been found that such is not always true. 

The following tests made on extremely angular as against rounded 
coarse aggregate illustrate the above statement. In no case are they in- 
tended to be used as a general comparison of the relative merits of angular 
and rounded aggregates. They do, however, bring out certain important 
phases of concrete which should be understood*in a discussion of work- 
ability: 

MECHANICAL ANALYSIS OF COARSE AGGREGATE. 


Sizes Per cent 
(Round openings) Mixtures 1 and 2 
2:1% 20.75 

1%4%:1% 10.38 
1%:1 10.38 

1:% 15.56 
%: 5% 10.38 
B:% 6.60 
y%:% 20.75 
%:0 5.20 


The cement content was 6.3 bags per cubic yard of concrete for each 
of the following mixes: 


2 
Modulus of 


Mix Coarse Rupture Water 
Number Aggregate Proportions 28 days Ratio 
] Angular I 1673 3.0 698 0.76 
2 Rounded We) L-362 325 616 0.67 


Mixtures 1 and 2 seemed to be equally workable as shown by the slump 
test but more effectively shown by the way the concrete could be placed 
in the forms in molding the test specimens. It will be noted, that, notwith- 
standing the higher water-ratio in Mixture 1 than in Mixture 2 the 
strength of 1 was highest. These results are not presented to indicate a 
general comparison of angular fragments with rounded fragments but 
merely to illustrate the point that it is quite possible to obtain equal work- 
ability in concrete having angular fragments in comparison with that 
having rounded fragments merely by increasing the sand content but with- 
out changing the cement content. The increased sand required a higher 
water-ratio in the angular aggregate conerete and yet the strength of this 
concrete was higher than that containing rounded coarse aggregate. This 
point is emphasized since it shows that the strength will not necessarily 
be lower in the angular aggregate concrete simply because it requires more 
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fine particles and more water than rounded aggregate concrete for equal 
workability. The water-ratio strength relation, after all, is only a gen- 
eral law, not applicable except under conditions which can be compared. 
In this particular case the aggregates were different and the law is seen 
not to apply. 

As far as shape of coarse aggregate is concerned, the matter may be 
summed up by stating that angular fragments, for like volumetric concrete 
proportions, produce harsher working concrete than rounded fragments 
due, in part, to the interlocking of the coarse aggregate brought about by 
angularity but, in part also, to the fact that angular particles for like 
gradings have higher voids than rounded fragments. This being the case, 
if the proportions are stated in an arbitrary manner, and the same pro- 
portions by volume are used with both angular and rounded material, there 
will be the same mortar content in both cases, the rounded fragments 
will be more widely separated than the angular fragments and will be bet: 
ter lubricated by the mortar. Hence, the mass is more mobile. Increased 
workability, however, may often be obtained simply by the addition of 
extra sand to the mix without any sacrifice in strength and even with an 
increase in strength. 

This point is well illustrated by tests reported by the U. S. Bureau 
of Public Roads’, of which the following results are typical. 


Dry Sand Damp Sand 


Strength: Strength : Effect of Dry Sand 
Volume Volume Proportioning 

Size of Pounds per Pounds per Increased Increased 

Mix Stone sq. in. cu. in. sq.in.cu.in. Strength Volume 
Le 2rd ¥y4—l1% 2070 385 1850 360 11.9 6.9 
1)g.48 33 y4,4—1% 2660 445 2780 410 —4.3 8.5 
1:2: 4 %—1% 1800 374 1680 350 Teal 6.8 
ieee siges %—1% 2310 435 2310 395 0 10.0 


The above tests were made on concrete proportioned by volume, first 
with damp sand which was swollen due to moisture, then with dry sand. 
Naturally, more sand was used in the mixes proportioned with dry sand 
than with damp sand. Note that the increased amount of sand used in the 
1: 2:4 mixes actually increased the strength and also the yield. The 
increased sand in the 1: 2: 3 mixes was of no value or of slight detriment 
to the strength. The 1: 2:3 mix proportioned with damp sand measure- 
ment had sufficient fine material, while the 1: 2: 4 mix did not have suf- 
ficient sand and was improved in workability, strength and yield by the 
addition of extra sand. In some cases perhaps it will be necessary to add 
extra cement also in order that the strength may not suffer through the 
extra sand addition, but the above results show that extra cement may not 
be at all necessary. 

(2) Effect of Surface Characteristics—Coarse aggregates have three 
general kinds of surface characteristics—extremely smooth as in most 


1 Public Roads, July, 1924, p. 21, “The Bulking of Moist Sands,” by A. A. 
Levison. 
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water-worn gravel and in certain types of flint rock, rough as in most 
crushed stone, and extremely rough and pitted as in blast-furnace slag. 
These surface characteristics probably have two effects from the standpoint 
of workability. In the first place, roughness of surface produces surface 
voids in excess of the voids which would exist were the surfaces smooth. 
Hence, it should be expected that less workability will result in the rough 
surface aggregates due to their increased voids and the lesser quantity of 
mortar available for promoting workability. Secondly, roughness of sur- 
face probably makes for high internal friction in the concrete mass and 
therefore decreased workability. There do not seem to be any specific tests 
covering the effect of surface characteristics on workability but practice 
seems to point to the general truth that the rougher the aggregate, the 
less workable is the concrete when like volumetric proportions are used. 

(3) The Effect of Gradation of Aggregates.—Undoubtedly, the most 
extensive work that has been done in the study of effect of gradation on 
the workability of concrete is that of the Structural Materials Research 
Laboratory of the Portland Cement Association. One of the most extensive 
series of the older investigations were those of Thompson and Fuller, 
reported in the 1907 Transactions of the American Society of Civil Engi- 
neers. As the result of this series of tests certain general conclusions 
were drawn by the authors as to the effect of gradation on the strength 
and workability of concrete. It is stated by them, “That with the same 
percentage of cement in a given volume of concrete, the densest mixture, 
irrespective of the relative proportions of the sand and stone, was in 
general the strongest.” 

“The Little Falls tests further indicated that, for the materials used, 
there was a certain mixture of sizes of grains of the aggregate which, 
with a given percentage, by weight, of cement, to the total aggregate, gave 
the highest breaking strength. In practice, also, it was found that the 
concrete made with this mixture worked most smoothly in placing.” ? 
Briefly, the authors further stated that, “The best mixture of cement and 
aggregate has a mechanical analysis curve* resembling a parabola, which 
is a combination of a curve approaching an ellipse for the sand portion 
and a tangent straight line for the stone portion. The ellipse runs to a 
diameter of one-tenth of the diameter of the maximum size of stone, and 
the stone from this point is uniformly graded.” 

According to this statement the best mechanical analysis for coarse 
aggregate is that which is known as a straight-line grading. For illus- 
tration, the following is a straight-line grading for stone extending from 
1% in. to 214 in, in size. 


Per cent 
Passing” Je-inasscreen y..2. 41. casi see 
Passing* “44-1 SCreen, -...2 20... <n e eeee 5 
Passing -14-inwsereeny yeti hte Serene 47 
Passing 255-1n. Screener. ecient eer 100 


21907 Transactions of American Society of Civil Hngineers, p. 67. 
*Same as ?. 
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In the straight-line grading it is seen that the intermediate size screen 
has retained on it approximately 50 per cent of the total coarse aggregate. 
This grading gives a workable mix and also comparatively low voids. The 
sand portion, according to Thompson and Fuller, should have a maximum 
size of grain one-tenth that of the maximum size of coarse aggregate and 
the grading should be such that the combined cement and aggregate will 
follow the so-called ideal curve of grading. According to this law the sand 
portion should have a grading curve closely following an ellipse. For illus- 
tration, for a 2%-in. maximum size aggregate in which the proportions 
by weight are cement 12, sand 23.7, coarse aggregate 64.3, the so-called 
ideal mechanical analysis according to the theory would be as follows: 


k < Per cent 
PASSING Pa wdNe tuceie oc pram aysin-seael oteye ava enh ores 100 

IN ODER MN onpak heen vite ate onehe: Sac eR eee eee 86.5 

be Rn nse AMON Qin cl cetera niseresc 60.3 

Oa ens ereekessie ityarnce estas, sl bev epe e's ee 42.2 

ORO as RAO CHORNEES REE: Arce aI HRD Beg tn 25.3 

DOGS Si Reratedecoleyitettely Matreta ive ane. lehecre stars 12.7 
UGE a” ee eG ccs tite a ne SOA OS. See 0 

1, le Ss 3.73 


Incidentally it will be noted that the ratio of sand to coarse aggregate 
in the above mixture (23.7: 64.3) is much smaller than generally thought 
desirable for good workability and the grading given in the above theory 
will be considered further in the light of more recent ideas. 

The Fineness Modulus as a Measure of Workability—The fineness 
modulus has been suggested as a means for determining the effect of the 
size and gradation of aggregate on the strength and workability of con- 
crete. It is based on the mechanical analysis made with square opening 
sieves of the Tyler series. Fineness modulus is defined as the summation 
of the percentages, divided by 100, o the material retained on the follow- 
ing square opening sieves. 


Sieve Number 
or Clear 
Size of Sieve Opening 
100 0.0059 
50 0.0118 
30 0.0236 
16 0.047 
8 0.094 
4 0.188 
3% 0.375 
3%, 0.75 
1% 1.5 
3 in. 3.0 


The fineness modulus is simply a single number which expresses the 
gradation of an aggregate and it has been found to be a very convenient 
method of calculating, in a preliminary way at least, the proper propor- 
tions of fine to coarse aggregate having given gradations. At the Struc- 
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tural Materials Research Laboratory a very large number of mixtures have 
been made up and ample opportunity has been had of correlating the 
strength and workability of the various mixes of concrete with the fineness 
moduli of the aggregates. As a result certain limits of fineness modulus 
have been stated by the Portland Cement Association as limits within 
which various concretes are workable, and beyond which they are harsh 


working. This is fully discussed in the literature of the Portland Cement _ 


Association and diagrams have been drawn showing the range in maximum 
permissible value of fineness modulus for various maximum sizes of aggre- 
gate and various average compression strengths with concrete of varying 


degrees of consistency or workability as defined by the standard slump test. BH 


The range in values for maximum fineness modulus for proper worka- 
bility when rounded aggregates are used is advocated as follows: 


TABLE I. z 
Range of 
Crushing Strength Slump Maximum Fineness Modulus 
Pounds—28 Days Inches Size Combined Aggregates 
3 6.6 —7.0 
2 6.25 — 6.65 
4000 Y% to 10 1% 5.85 — 6.2 
] 5.45 — 5.85 
34 5.10 — 5.45 
3 6.5 —6.9 
2 6.15 — 6.55 
3500 % to 10 1% 5.75 — 6.10 
1 5.40 — 5.75 
34 5.00 — 5.35 
3 6.42 — 6.8 
2 6.10 — 6.45 
3000 % to 10 1% 5.70 — 6.00 
1 5.30 — 5.60 
34 4.95 — 5.30 
3 6.35 — 6.7 
2 5.95 — 6.3 
2500 ¥% to 10 1% 5.60 — 5.9 
1 5.25 — 5.5 
% 4.85 — 5.20 
3 6.25 — 6.55 
Ye 5.85 — 6.20 
2090 % to 10 1% 5.50 — 5.80 
] 5.10 — 5.40 
x 4.75 — 5.10 
3 6.2 —6.5 
2 5.7 —6.1 
1500 % to 10 1% 5.4 —5.7 
1 5.05 — 5.3 


% 4.70 — 4.95 
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The table is intended to apply to rounded aggregates and it is stated 
that each value should be lowered 0.25 when other than rounded material 
is used such as crushed stone or slag, flat pebbles or stone screenings. This 
is equivalent to stating that such aggregates require in general somewhat 
smaller sizes of particles to give equal workability with the round particles. 
It is also stated that for work of massive proportions the fineness modulus 
may be increased 0.10 for 34-in., 0.20 for 114-in., 0.30 for 3-in. and 0.40 
for 6-in. aggregates, However, since the above figures are based on average 
conditions only, they do not necessarily apply to individual cases. They 
may often be and should be exceeded for the most economical results but 
they do serve as an excellent guide in determining the probable workability 
of a given combination of aggregates. 

The following facts are indicated by the above average table with 
regard to the gradation of aggregates: 

(1) The stiffer the mix the smaller should be the aggregates for 
equal workability. 

(2) The higher the strength, the coarser may be the aggregate 
having a given maximum size. This is possible undoubtedly because of 
the use of more cement containing fine particles which lubricate the 
mass. 

(3) It is possible to obtain a sufficient degree of workability irre- 
spective of the maximum size and irrespective of the aggregate charac- 
teristics by changing the concrete proportions. 


It is apparent that since a number of gradations may result in the 
same fineness modulus and, further, since the gradation affects the voids 
in the coarse aggregate, it is quite possible to have different degrees of 
workability in concrete in which the coarse aggregate has the same fineness 
modulus. The following table made up from results obtained in the 
Kansas State Laboratory illustrates this point.‘ 


Batch ¥. M. of Coarse F. M. of Mixed Voids in Coarse 
No. Aggregate Aggregate Aggregate 
5 tod 5.93 48.0 
“f 7.30 5.76 42.0 


The fineness moduli of the coarse aggregates in batches Nos. 7 and 5 
are almost equal. The voids, however, are sufficiently different to make 
a difference in workability when like concrete proportions are used. This 
is so because the mortar has to fill 6 per cent more coarse aggregate voids 
in batch No. 5 than in batch No. 7 and is, therefore, not so effective in 
separating the particles of the coarse aggregate. The coarse aggregate in 
batch No. 7 was well graded from fine to coarse; that in No. 5 was of 
more nearly uniform size. Batch No. 5 needs a higher proportion of finer 
particles than batch No. 7 to produce equal workability in both cases but 


4“Cement Requirements for Some Concrete Mixes,’’ by Harold Allen, Assis- 
tant Engineer of Tests, Kansas State Testing Laboratory. Concrete, Nov., 1927, 


p. 13 


64 AGGREGATES AND CONCRETE WORKABILITY. 


this does not necessarily mean that the same cement-sand ratio must be 
used in both cases to obtain equal strength. 

Before leaving the subject of fineness modulus it will be interesting 
to determine the fineness modulus of the aggregate graded according to 
Thompson and Fuller’s curve which has been stated to give the greatest 
workability. The following is an ideal gradation according to the curve 
for 24%4-in. maximum size and 12 per cent by weight of cement. 


Per cent of Cement and Per cent of Total 
Sieve No Aggregates Retained on Aggregate Retained on 

100 88 X 100/88 = 100 
50 85 97 
30 82 93 
16 78 2 88 
8 74 84 
4 67 a 76 
% 61 69 
34 50 57 
1% 29 33 

F. M. = 6.97 


For 144-in. maximum size aggregate the highest permissible fineness 
modulus is 6.2 for 4,000-lb. concrete and 5.7 for 1,500-Ib. concrete. Appar: 
ently then, according to the fineness modulus method of estimating the 
probability of workability, aggregate graded according to the Fuller- 
Thompson curve is too coarse for workability and should contain more 
fine material. 

What is the Best Gradation of Ooarse Aggregate for Workability?— 
Investigations aimed at an answer to this specific question are not easy 
to find and it is questionable if a very specific answer can be given in the 
absence of extensive test information. However, there are certain indi- 
cations which permit of a tentative answer. 

It seems to be the case that the smaller the maximum size of coarse 
aggregate, the greater is the workability and also the more uniformly 
graded the coarse aggregate from maximum to minimum size, the more 
workable is the mix. The minimum size, for commercial reasons is gen- 
erally %4-in. and sand is rather universally allowed to extend up to 14-in. 
in diameter. It is undesirable that the coarse aggregate have too high a 
proportion of particles between %4- and %%-in. in size, especially when the 
sand is coarse, for a “grainy” concrete will result which will not work 
smoothly. A straight-line grading for coarse aggregate gives good work- 
ability, economically. Perhaps this grading may be slightly improved by 
decreasing the percentage of medium size and increasing the percentage 
of smaller sizes slightly. It is well to limit the per cent passing the 4 
to 10 per cent and preferably 5 per cent to avoid “grainy” concrete and 
there should be approximately 50 per cent retained on the screen midway 
between the 14-in. and the maximum size. 
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Gradation of Fine Aggregate for Workability—In general, the finer 
the fine aggregate, the greater will be the workability. This does not 
mean the use of a fine sand is desirable, for considerations such as strength 
and economy require the use of as coarse a fine ageregate as will make 
workable concrete. A sand may produce harsh working concrete if it 
has too high a percentage of particles above the No. 8 sieve, especially if 
there is a large percentage of small particles in the coarse aggregate. It 
is almost impossible to set down any hard and fast rule for limitations 
in the gradation of sand from the standpoint of workability. The fine and 
coarse aggregate combinations must be considered together. 

Merely as a guide, subject to actual trial mixes, it is suggested that 
the limiting values for fineness modulus of the combined fine and coarse 
aggregate given in Table II be used to determine whether a mix containing 
any particular sand and coarse aggregate will be workable. The indica- 
tions from the Structural Materials Research Laboratory tests are that a 


TaBLeE IT 
Mix, Size of Aggregate 

Cement- 
Aggregate| 0- 0- 0- 0- 0- | 0-3% |0-14*) 0-34 | 0-1* |0-114] 0-2.1*| 0-3 |0-314*| 0-6 

No. 28}No. 14] No.8 | No.4 |No. 3*} in. | in. | in. | in. | in. in. in. in. in. 
Le ere otis 1.30 | 1.85 | 2.45 | 3.05 | 3.45 |3.85|4.25|4.65]5.00/5.40] 5.80 |6.25| 6.65 | 7.05 
Lea anh ek 1.40 | 1.95 | 2.55 | 3.20 | 3.55 |3.95|4.3514.75|5.1515.55| 5.95 | 6.40] 6.80 | 7.20 
PiGoes 1.50 | 2.05 | 2.65 | 3.30 | 3.65 | 4.05 | 4.451 4.85 |5.25/5.65| 6.05 | 6.50} 6.90 | 7.30 
1:5 1.60 | 2.15 | 2.75 | 3.45 | 3.80 | 4.20] 4.60/5.00|5.40/5.80| 6.20 | 6.60] 7.00 | 7.45 
1S.4 sees 1.70 | 2.30 | 2.90 | 3.60 | 4.00 | 4.40] 4.80/5.20|5.60/6.00| 6.40 16.85] 7.25 | 7.65 
AIS Ce Se 1.85 | 2.50 | 3.10 | 3.90 | 4.30 |4.70]5.10)5.50|5.90}6.30] 6.70 |7.15| 7.55 | 8.00 
Le 2oe sens 2.00 | 2.70 | 3.40 | 4.20 | 4.60 | 5.05] 5.45}5.90|6.30]6.70] 7.10 | 7.55 | 7.95 | 8.40 


* Considered as “‘half-size’’ sieves; not used in computing fineness modulus. 


fineness modulus of 3.50 is about the maximum permissible unless the 
sand extends up to 34-in. in diameter when 3.75 may be permitted. A rule 
suggested in Bulletin No. 1 of the Structural Materials Research Labora- 
tory is that “Sand or screenings used for fine aggregate in concrete must 
not have a higher fineness modulus than that permitted for mortars of 
the same mix.” Thus, in the above table from Bulletin 1, if the ratio 
of cement to total aggregate of 114-in. maximum size is 1:5 (about a 
1: 2:4 mix) the fineness modulus of the combined aggregate should not 
exceed 5.80 and that of the fine aggregate of No. 4 maximum size should 
not exceed 3.45. The above rule is about the most definite which can be 
stated as to the grading of fine aggregates which will make workable 
concrete. From the standpoint of economy it is well to use a sand with 
as high a fineness modulus as possible within the limits determined as 
above. 

As an illustration, of very desirable gradings for sand, the following 
are given. ‘These gradings closely approach the elliptical gradings re- 
quired for good results by Thompson and Fuller’s curve and, moreover, 
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have desirable values for fineness modulus for the average run of con- 
crete mixes: 


Size of Sieve Percentage by Weight 
Tyler Series Retained 
3% 0 tod 
No. 4 ; 0 to 10 
8 10 to 35 
14 24 to 45 
28 46 to 68 
50 70 to 95 
100 94 to 100 
Fineness modulus... .2.44 to 3.58 


Conclusions.—In conclusion the following short statements may be 
made: 

(1) When like proportions by volume are used, angular, rough aggre- 
gate makes a harsher working concrete than round, smooth aggregate due: 

a. To difference in voids and the resulting variable effect from the mor- 
tar in producing workability. 
b. To increased internal friction due to the angular shape and rough 
faces of the particles. 
The relative influence of these effects has not been evaluated. If like 
workability is to be expected from the different aggregates, the illogical 
method of using the same arbitrary proportions by volume should not 
be used. Harsher aggregates require more fine material in the mix but 
not necessarily more cement to produce concrete of the same workability 
as rounded fragments. The practice of using the same arbitrary pro-: 
portions for all aggregates cannot be too strongly condemned. 

(2) A straight-line grading for the coarse aggregate extending from 
the maximum size to 1/10 of the maximum size provides a well-graded 
stone from the standpoint of workability. The difficulty of using such a 
grading without proper precautions to prevent segregation is recognized. 
The gradation for given maximum sizes should be such that the fineness 
moduli of the combined aggregates given in Tables I or II are not exceeded. 

(3) The gradation of the fine aggregate should be as coarse as pos- 
sible for economy but should not result in a fineness modulus in excess 
of that stated in Table IT for a mortar having the same proportions as the 
particular concrete in which the sand is to be used. 


WATER AS A Factor IN WORKABILITY. 
By R. L. Bertin.* 


In discussing the effects of water or any other ingredients used in 
making concrete on the workability of concrete, it is, I believe, important 
first to establish what is meant by workability. In so far as workability 
applies to concrete, I take it to be that property by virtue of which it may 
be properly worked in place with ease, with the least amount of energy, 
in the least time, therefore at the least cost. 

It stands to reason that the placing of concrete must be done in such 
a way so as not to impair the requisite qualities of the finished concrete 
structure. The requisite qualities of concrete may be divided into two 
classifications : 

1. Those which are general to all concrete. ; 

2. Those which are specific for special purposes. 

Under the first classification, I include homogeneity or uniformity, 
and under the second, I include strength and density. I exclude from con- 
sideration, for the purpose of this discussion, the qualities which depend 
on the properties of the materials themselves: resistance to chemical action, 
heat, cold, impact and abrasion. Concrete, no matter what its service 
might be, should be uniform, and uniformity means that the various in- 
gredients should be evenly distributed throughout the mass. 

Strength and density requirements of concrete may vary in degree, 
depending upon the purpose for which the concrete is used, but such degree 
as the designer assumes in his design must be obtained. In varying the 
workability of concrete with the addition of water, the amount of water is 
restricted to that which will not cause the materials to segregate and will 
produce a concrete of sufficient strength and density. 

In order to understand clearly the effect of more or less water on con- 
crete during the making and placing period, it is best to follow, step by 
step, the changes which take place in a concrete having a given proportion 
of dry cement, sand and stone, to which water is added gradually, from the 
dry state to the very wet. With the first increments of water, the dry 
mass bulks. This bulking increases to a maximum, depending upon the 
nature of the materials used; then, as more water is added the bulking 
gradually decreases until a maximum density of the mass is reached. At 
that point the concrete becomes plastic. The addition of more water causes 
the mass again to increase in volume until a point is reached when segre- 
gation takes place because of the dilution of the mixture. The minimum 
amount of water which should be used is that which will overcome the 
bulking of the mass, and the maximum, that which will produce concrete 
of the required strength and density and which will not start segregation. 
These maxima and minima vary with the nature of the materials used and 


* White Construction Company, Inc., N. Y. C. 
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their proportion, and the required strength and density of the finished 
concrete. 

The limitations of water content mentioned are the ones within which 
workability may be varied with the use of more or less water. If proper 
workability cannot be obtained within these limits, the concrete propor- 
tions or materials must be changed. 

The effects of water on workability (the only influences here consid- 
ered) within the entire range of water content for varying mixtures have 
been investigated by Tokujiro Yoshida in connection with his drop device 
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RELATION BETWEEN WORKABILITY AS MEASURED WITH YOSHIDA DROP DEVICE 
AND PERCENTAGE OF WATER BY WEIGHT. 


for determining the workability of concrete,’ and I have reproduced one 
of his diagrams showing the relation between workability as measured 
with his apparatus and the percentage of water by weight of cement. This 
expression bears a direct relation to the water-cement ratio, and I have 
added to his diagram the water-cement ratio corresponding to the water 
percentages. I have also shown on this same diagram the water-cement 
strength relation 


14,000 


w 
? 
From this diagram, the following deductions may be made: 
1. The richer the mixture the greater is the variation in workability 
obtained with a given amount of water. 


Sc 


*A new Test Method for Workability of Concrete by Tokujiro Yoshida, 
A. C. I. Proceedings, Vol. 23, page 415. 
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2. The workability of lean mixtures is not greatly benefited by the 
addition of a considerable amount of water. 

3. For a given mixture, the workability increases in about direct. pro- 
portion to the water-cement ratio. 

Mr. Yoshida states in his paper that the minimum workability is 
obtained when a sufficient amount of water is used to produce concrete of 
maximum density. The minimum points on the curves therefore represent 
the percentage of water necessary to render the concrete plastic and repre- 
sents the minimum amount of water which should be used for any of the 
mixtures shown on the diagram with the aggregate used, namely: 


Sand having a F. M. of 3.54 
Stone “ SHR dah a 192 


That part of the curves from 0 per cent of water to the point of mini- 
mum workability is not to be considered, as the concrete it represents has 
an insufficient amount of water to make it plastic and therefore uniform. 
That part of the curves starting from the minimum workability point on 
is the practical range which may be used. This range is limited by the 
strength or density required; the strength curve shown on this diagram 
enables one to establish this limit. If the curves were carried only to 
that water content where segregation of the materials begins, the other 
limitation would be apparent. 

With these limitations in view, it may be seen that the variation of 
workability, which may be obtained by the addition of more or less water 
except for the very rich mixture, is limited. Any one with simple appli- 
ances can conduct a series of tests with a variety of aggregates mixed in 
different proportions, plot the results as shown on this diagram and learn 
much regarding the effects of water on workability within the limits im- 
posed by the requirements of the concrete one wishes to produce. 


WoRKABILITY MEANS DURABILITY TO THE HNGINEER. 


By R. W. ATWATER.* 


The engineer is traditionally at a disadvantage in dealing with con- 
crete as a construction material. His work involves selecting suitable 
materials and combining and shaping them to serve his purpose. While he 
is free to use originality in the selection of materials and the manner in 
which he assembles them, still the essential materials with which he works, 
with the exception of concrete, come to him as definite entities and are 
identified by their characteristics and qualities. The location of the project 
does not usually affect the selection of the material. Whether a structure 
is to be erected in New York or San Francisco, if the steel for it is speci- 
fied to meet the A. S. T. M. Standard Specifications for Structural Steel 
for Buildings, the steel that is furnished in both cities will be of equal 
strength and quality within permissible tolerances. Thus the engineer is 
accustomed to selecting materials for their recognized characteristics and 
qualities and writing his specifications accordingly. Before the materials 
are incorporated in the structure and usually before they are delivered to 
the work, they are inspected and tested, and accepted or rejected according 
to whether or not they comply with the engineer’s specifications and the 
standard specifications for that class of material. 

The engineer usually has but ‘little concern in the manufacture of 
these materials. While he may have some knowledge of the composition 
of the material and process of manufacture, there is no occasion for him 
to have contact with its manufacture other than the usual inspection and 
testing. To successfully design and supervise the construction of a steel 
structure, he need not qualify as an expert in the chemistry and tech- 
nology of steel making, or as a rolling mill, fabricating shop and erection 
superintendent. Manufacturing and testing methods have been sufficiently 
standardized so that he can confine his interest to the finished product. If 
the material submitted does not comply with the specification it may be 
rejected and additional material submitted until it is furnished to meet 
the requirements as specified. 

Concrete, however, cannot be considered in the same sense or handled 
in the manner as other construction materials. It is uncertain whether 
concrete ever becomes a finished product. It does not possess qualities of 
hardness and strength until after-it has been placed in the forms and has 
attained its initial set, and some time must elapse thereafter, according 
to the cement used and the methcd of manufacture, before these qualities 
develop to a degree to be useful. Even after this the cement reactions 
may continue for an indeterminate period with the character of the mate- 
rial changing accordingly. After it is a part of the structure any tests 
which might be made to ascertain its strength and qualities are only of 
historic value. Since concrete comes to the work not as a finished product, 


*In charge of structural engineering, McClellan & Junkersfeld, N. Y., N. Y. 
(70) 
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but in the form of cement and aggregates, there can be no test and rejec- 
tion process applied to it as a finished product in advance of its becoming 
part of the structure to assure that it possesses the desired qualities. In 
fact, there can be no standard established by which to judge its composi- 
tion and quality, because of the variation that is encountered in the char- 
acteristics of the constituent materials in various localities, and because of 
the present lack of standardization in the methods of manufacture. 

Concrete is a combination of water, cement and aggregates in a mix- 
ture and its composition and qualities may be affected by any variation in 
any of its constituents or in its manufacture. Since the composition and 
fineness of cement, and the character, size and grading of aggregates vary 
widely according to the source of supply, it is not to be expected that con- 
crete in one locality should have the same structure and composition as in 
another. Concrete is manufactured at the work and its strength and qual- 
ity of necessity must be predetermined, and the selection of materials and 
the process of manufacture must be regulated to produce the desired 
results. 

The engineer’s and contractor’s organizations jointly compose the per- 
sonnel which manufactures concrete. he engineer lays out and directs 
the operation and the contractor performs the work. The engineer, accord- 
ing to the requirements of his design, determines what the strength of the 
concrete should be and what special qualities the concrete should possess 
other than being a hard durable material, such as water-tightness, resist- 
ance to abrasion, resistance to sea water and resistance to acid or alkali 
solutions. 

The materials to be used and the process of manufacture are stated 
in the engineer’s specification for the guidance of the contractor, whose 
organization performs the work accordingly, but it is essential that the 
engineer’s organization should function throughout the work, especially at 


the start of the operation, to determine if the work can proceed efficiently: 


and economically, as outlined in the specification, and to make the neces- 
sary corrections in the procedure should this not be the case; also to 
require strict observance of the specification throughout the work and to 
make such further amendments in the outlined procedure as may be neces- 
sary as the work progresses. 

Thus, it is essential that an engineer who is to successfully design 
and supervise the construction of structures involving concrete should be 
thoroughly informed concerning the technology and manufacture of con- 
crete. The strength and quality of concrete reflects in a large measure the 
degree of knowledge and effort exerted in its manufacture by the engineer 
in charge of the work. To some engineers this condition has long been 
apparent, but to the many it is somewhat new and startling, for they have 
been in the habit of regarding concrete much the same as the other mate- 
rials with which they deal. They have expected concrete to have certain 
definite characteristics and qualities and when the material was found to 
be lacking in these respects keen disappointment and regret were expressed, 
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and the material criticized for not being suitable for the purpose. Their 
practice has been to specify concrete on the “arbitrary proportion” basis, 
and after being assured that clean, sound aggregates were supplied they 
have permitted the contractor to mix and place the material, allowing the 
water-in the mix to be controlled to suit the method of placing. That this 
procedure has resulted in a large amount of unsatisfactory concrete is not 
a reflection upon the integrity or ability of the contractor, for the reason 
that his relation to the work does not qualify him to accept responsibility 
for the quality of the concrete and he should not be expected to assume 
this liability, which is primarily not his, but that of the engineer. On 
the other hand the engineer cannot be duly criticized for not recognizing 
earlier his true responsibility in the manufacture of concrete. The fallacy 
of the practice formerly in vogue was not generally recognized until more 
reliable information bearing on the composition and manufacture of con- 
crete became available through research work which has been conducted 
during the past few years. i 

The lack of knowledge that existed concerning concrete is but another 
indication of the difference between concrete and other materials of con- 
struction. Materials such as steel and brick are manufactured by cor- 
porations who singly or in combination have devoted funds to the estab- 
lishment of laboratories and the employment of scientists for the purpose 
of improving their materials. Competition between manufacturers has 
stimulated this work. The research work that has been done in the field 
of concrete has been voluntary to a large degree, and has lacked the direc- 
tion and co-ordination that would exist if the manufacture of concrete was 
more centralized. In spite of this, substantial progress has been made, 
and while there is still much to be learned about the chemistry of con- 
crete, it is quite well understood what results may be expected when water, 
cement and aggregates are combined under definite conditions. This in- 
formation has been obtained by what may be termed the cut and try 
method, that is, by making many thousands of specimens and by testing 
and observing their characteristics. From the uniformity of results ob- 
tained it is generally conceded that there are certain operations in the 
manufacture of concrete which have definite influences upon the strength 
and quality of the resulting material. 

If the aggregates are clean and sound, and the cement of suitable 
quality, the strength of concrete can be controlled by the amount of water 
that is added to a given volume of cement in the mix, provided the mix is 
workable. This is known as the law of water-cement ratio, and by its use 
the strength of the concrete can be controlled with accuracy heretofore con- 
sidered impracticable. The temperature at which concrete is mixed, placed 
and cured is of vital importance in the strength and quality of the result- 
ing material. The curing of concrete, that is. the supplying of moisture to 
the surface of concrete during a considerable period after the initial set, 
has an influence on the surface condition, and on the completion of the 
cement reactions which in turn favorably affects the durability and wear- 
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ing qualities of concrete. But the feature that appears to be the most 
important in the production of durable cencrete is the proper control of 
the workability of the mix. 

Workability is the state of plasticity of the concrete during its manu- 
facture. Concrete to be of maximum durability should be mixed so that 
in its plastic state it will not be so dry as to crumble, and not so wet 
that there appears to be any indication of segregation when the concrete 
is handled. In the manufacture of concrete workability may be used as a 
predetermining factor of its durability and permanence. If the mix is 
proportioned and mixed to the correct degree of workability there will be 
minimum of segregation when the material is placed in the forms and 
puddled into the angles and corners and around the reinforcing steel, and 
thus the concrete will be of maximum uniform structure throughout its 
mass. There will be a minimum of water gain as the material is placed 
and a minimum of separation of fines which when the mix is too wet rise 
to the top of the pour and form laitance. There will be a minimum of 
honeycombing both external and internal and the concrete will have the 
maximum density which can be obtained using the materials available. 
This maximum density assures minimum porosity and permeability and 
maximum water-tightness. So long as water or other corrosive agencies 
can be excluded from concrete its durability is assured. Disintegration 
and deterioration of concrete are usually due to the mechanical action of 
frost spalling off portions of the material or the breaking down of the 
chemical structure of the concrete by later chemical reactions caused by 
water or other corrosive agents entering the concrete due to its porosity 
or permeability. 

Workability is probably the most difficult factor to control in the 
manufacture of concrete. Workability is affected by the quality and fine- 
ness of the cement, the character, size and grading of the aggregates, the 
quantity of water in the mix, the type of mixer and the time of mixing. 
There is also a tendency to make workability subordinate to the methods 
of placing. Because workability has a bearing on the method of placing 
and fixes the proportions of cement and aggregate in the mix, it is one 
of the controlling factors in the cost of concrete. 

Contractors who have been in the habit of handling concrete through 
long lines of chutes and spading it from single points of deposit to the 
remote corners of the forms are likely to complain that concrete of the 
correct degree of workability is expensive to handle, and that this require- 
ment increases the cost of the work. On the contrary, it has been found 
in practice that, when concrete is mixed to the plasticity which gives mini- 
mum segregation, it flows readily and can be easily puddled into all cor- 
ners and angles of the forms and around the reinforcing steel. It may not 
flow as readily in chutes as a wetter mix but after the placing methods are 
modified to handle this type of concrete, it is usually found that the plac- 
ing cost does not exceed that of the wetter mix. On the other hand, the 
cost of materials mixed to the proper degree of plasticity is less than for 
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a wetter mix, provided the water-cement ratio is maintained. his natu- 
rally follows because the dryer mix contains more aggregate per volume of 
cement than a wet mix and as cement is the most costly ingredient in 
concrete, the less cement that is used per unit volume, the lower the unit 
cost for materials. Workability has another influence on the cost of the 
work in that the amount of rubbing, patching and finishing required to 
give acceptable appearance is less for concrete which is mixed to the right 
degree of plasticity than for a wetter or dryer mix. 

The compressive strength of concrete as indicated by test specimens 
crushed at 7 or 28 days cannot be used as a measure of the durability of 
the concrete of which these specimens are representative. The mix may be 
designed for a predetermined strength and so long as the aggregates are 
sound and clean and the water-cement ratio is accurately maintained, the 
strength of the concrete as indicated by the 7 or 28-day tests will be 
constant within permissible limits regardless of the degree of workability, 
provided the mix is not too harsh. A rule might be formulated on the 
basis of certain observations that concrete with a compressive strength of 
2,500 Ib. per sq. in. at 28 days will have maximum durability. However, 
a recommendation of this sort has no value, for though the cylinder tests 
might indicate the concrete was of this compressive strength, still the mix 
might be so wet that the concrete would not be of maximum durability. 
If the mix is too wet, durability is not only sacrificed but the assurance, 
given by the reports of the compression tests, that the concrete is of the 
required strength will probably be misleading. Through the action of 
gravity, concrete that is mixed with too much water assumes when placed 
a formation that varies in density from the bottom to the top. The water 
and fines separate from the heavier aggregate which settles to the bottom 
and causes the lower part of the pour to be harsh, that is, to have too 
little water and cement. The upper part of the pour becomes laitance 
underlaid by a grout of uncertain value. Thus the control of the water- 
cement ratio, which may have been accurately maintained at the mixer, is_ 
completely unbalanced in the placing and the concrete in the structure is 
not only not durable but it is not uniformly of the required strength. 

Another serious consequence of segregation and the resulting deposit- 
ing of a harsh mix at the bottom of the pour is that the aggregate may 
arch over the reinforcing steel and thus form pockets and voids which will 
prevent bond on the bars and reduce resistance to shearing stresses. This 
condition can obtain in a large footing or girder and escape detection until 
failure results. 

Whenever concrete is to be used in a location where the exposure to 
an active destructive agent, such as sea water, is severe, extraordinary 
precautions should be taken to ascertain the water-cement ratio and the 
degree of workability that will give a concrete of maximum resistance to 
deterioration under exposure to this agent. Theories and formulas which 
give good results in one location should never be used in another unless 
thoroughly verified by preliminary tests and observations, using cement 
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and aggregates available in the location where the work is to be done. 
Usually the nature of the work does not permit the making of specimens 
representative of various water-cement ratios and degrees of workability 
and submitting them to prolonged exposure to the destructive agent. If 
such a procedure is practical, such observations will be of great value in 
determining the proper mix. Whether or not these prolonged tests can 
be made, the true characteristics of concrete made from the available mate- 
rials should be ascertained. Specimens representative of all the cement and 
aggregates available, and of a wide variation of water-cement ratios and 
degrees of workability should be made and tested for compressive strength, 
absorption, permeability, density and percentage of uncombined water. The 
mix to be used for the work should be one that gives maximum density 
and minimum permeability, absorption and percentage of uncombined 
water. 

The results of these tests may indicate that even with accurate con- 
trol of the relative consistency and workability of the mix, concrete cannot 
be economically manufactured from the materials available that will give 
sufficient resistance to the destructive agent present to be durable. In this 
event experiments should be conducted using various types of admixtures 
to ascertain if their use in the mix will decrease the liability of deteriora- 
tion. Another possible method of procedure is to design the mix for the 
maximum results that may be obtained from the available materials and 
to coat or impregnate the surface of the concrete with some material that 
will repel the destructive agent or prevent it from entering the concrete. 
Both of these methods should be thoroughly investigated and their bene- 
ficial effects verified by test before either is adopted. 

The general acceptance of the importance of controlling workability 
has been accompanied by the marketing of a large number of admixtures 
in liquid or powder form. These admixtures are recommended to have 
various beneficial effects on concrete, such as to improve workability and 
thus durability, to make the concrete water-tight and to improve the yield 
of the mix and thus improve economy. These admixtures undoubtedly 
have a place in the manufacture of concrete and can be advantageously 
used under certain conditions. However, they should not be used indis- 
criminately. The possibilities of making a satisfactory concrete out of the 
cement and aggregates available should be thoroughly disposed of before 
the use of admixtures is considered, unless it is very apparent that their 
use has a decidedly beneficial effect on the quality or economy of the work. 

The elaborateness of the engineer’s specifications and field supervision 
is naturally governed by the magnitude and importance of the project at 
hand. If the project is relatively small and unimportant, the proper rela- 
tive consistency for the desired strength can be obtained from the curves 
worked out by Professor Abrams and the proper degree of workability 
arrived at by making successive batches using various proportions of fine 
and coarse aggregates and observing the characteristics of the mixed mate- 
rial; but even for small projects, the value of field supervision should not 
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be underestimated. The total water in the mix and the aggregates should 
be accurately measured and corrections made for the moisture in the 
aggregates. A mix of the proper degree of workability can be handled 
efficiently and economically if successive batches are uniform, and uni- 
formity can only be maintained by accurately measuring the water and 
aggregates. As the project increases in size and importance, the necessity 
for accurate measurement increases accordingly. The amount that can be 
expended for plant on any job is a function of the amount of yardage. 
The engineer should keep this constantly in mind and when the work is 
of sufficient importance and involves sufficient yardage, he should specify 
and require the use of measuring and mixing devices which are most 
likely to produce the desired results. This should not be left to the dis- 
cretion of the contractor. As the yardage increases, there is a tendency 
to reduce the time of mixing. The time of mixing as well as the type and 
size of mixer has a definite influence on workability and the number and 
type of mixers used on the work and the time of mixing is not the con- 
tractor’s prerogative but should be definitely covered in the engineer’s 
specifications and his field supervision should be especially alert in this 
respect. 

Workability is the measure which can now best be applied in the man- 
ufacture of concrete to predetermine the quality of the resulting material. 
Subsequent research may show that the criterion for maximum durability 
and permanence is some factor altogether different from workability and 
not known or recognized at present. Whatever the future has in store in 
this respect will be gratefully received and the process of manufacturing 
concrete modified accordingly, but until that time the value of work- 
ability should be recognized and accepted and the engineer should give it 
proper consideration in his specifications and field supervision. 

Much unsatisfactory concrete has resulted and will continue to result, 
not because the engineer in charge of the work is not qualified or because 
his preliminary investigations and specifications are not adequate, but 
because the field supervision as performed by the members of his organ- 
ization is not commensurate with his own efforts. The men chosen to 
supervise the manufacture and placing of concrete should be thoroughly 
qualified by education and experience to do this class of work. 

The attitude of the contractor will have a material bearing on the 
efficiency, economy and results obtained. Many contractors are now thor- 
oughly alive to the possibilities of manufacturing better concrete and their 
co-operation is assured on any work with which they are connected. 
Others are not so willing to relinquish what has been assumed to be their 
prerogative and to adopt methods which are consistent with proper work- 
ability and which guarantee accurate measurements and uniform batches. 
The proper control of the manufacture of concrete is made doubly hard for 
the engineer’s organization when dealing with a contractor of this type 
and until he sees the light and indicates the desire to offer facilities and 
co-operation in the manufacture of good concrete it will be found that the 
engineers and contractors who are co-operating in this respect will receive 
preference especially on the more important work. 


WHat WoRKABILITY MEANS TO THE CONTRACTOR. 
By Netson L. Dor.* 


During the past five years remarkable progress in the making and 
placing of concrete has been made. The contractor of today realizes that 
a properly designed mix which will produce workable concrete is necessary. 
Furthermore, the up-to-date contractor is well aware that workable con- 
crete is much more economical, as to cost of materials and expense of 
handling than the average concrete made without a calculated mix. 

Variations in theories of design, the range of aggregates, the different 
requirements of structures in which concrete is used, the extensive array 
of modern field equipment available, and the difference in labor markets, 
introduce so many variables that the production of a workable concrete 
with maximum economy becomes a study worthy of considerable attention. 

To produce a concrete of given strength, having maximum workability 
at minimum expense, the cost of materials and labor must be properly 
proportioned. 


WORKABILITY AS AFFECTED BY MATERIALS. 


Considering first the cost of increasing workability by altering the 
material content of the concrete, we find that the following possibilities 
are usually present: 

(1) The addition of more cement at the same time adding sufficient 

water to keep the water cement ratio a constant. 

(2) A variation in the amount and grading of the aggregate. 

(3) The use of an admixture. 

Workability of concrete for complicated portions of structures is com- 
monly increased by the addition of more cement than the specifications 
require. This practice is probably true economy, There is no question as 
to the effect of extra cement. The workability increases as the amount of 
cement is increased and the quality of the concrete is improved. 

Whenever additional cement and water are added for the purpose of 
increasing workability, due care must be used to see that the water cement 
ratio is not increased; otherwise a decreased final strength will result. By 
mixing a few trial batches containing various amounts of additional 
cement, each batch being made with the correct water cement ratio, the 
effect of extra cement on the quality of the concrete can be observed, and 
the increased cost of obtaining better workability by this method can be 


determined. 


*General Superintendent, Turner Construction Co., New York City. 
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In cases where it is impossible to alter the grading of the aggregates, 
additional cement and water will give increased workability without 
excessively increasing the cost of the concrete. In the average situation, 
however, sufficient workability can be secured in more economical ways. 

The second possibility for increasing the workability of concrete by 
variations in the aggregates is probably the most attractive and interesting 
study from an economic standpoint. The fact that all aggregates having 
the same fineness modulus produce concrete of the same strength, other / 
conditions being identical, has been quite generally established and 
accepted. Perhaps it has not been as fully emphasized that different 
aggregates having the same fineness modulus do not produce concrete of 
the same workability, or yield the same volume. These features are impor- 
tant from the contractor’s point of view, and present opportunities for 
increasing workability and yield with no sacrifice in final strength, by a 
re-grading or re-selection of aggregate. It is not unusual to find different 
aggregates in the same market sold for approximately the same prices 
that produce concretes in which the cement factors vary from 10 to 25 
per cent with a corresponding range in workability. This variation of 
yield and workability, due to the grading of aggregates, applies to both 
large and small materials. Poorly graded crushed stone will always give 
less workability and a smaller yield than a well-graded gravel of the same 
fineness modulus. Likewise, bank sand running heavy in fine materials 
will show better results than a sand taken from water, which is apt to be 
lacking in fines. In studying the effect of sands upon workability, the 
percentage of material passing the No. 28 and 48 sieves is very important. 
Sands to give workable mixes should have a sufficient percentage of suit- 
able materials passing these sieves. Sands that do not contain sufficient 
fine materials give harsh mixtures and show excessive cement factors. 
To illustrate this point, it is interesting to compare two sands sold in the 
New York market for the same price: Sand No, 1 has a fineness modulus 
of 2.46, with 59 per cent passing the No, 28 sieve, and 19 per cent passing 
the No. 48 sieve. Sand No. 2 has a fineness modulus of 2.80 with 44 per 
cent passing the No. 28 sieve, and but 6 per cent passing the No. 48 sieve, 
according to the grading tabulated below: 


Per cent coarser than sieve. 


Sieve No. Sand No. 1 Sand No. 2 
4 0.6 0.6 
8 5.6 6.8 
14 17.4 22.4 
28 41.2 56.2 
48 81.2 93.8 
100 100.0 100.0 
246.0 279.8 
Fineness modulus 2.46 2.80 
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The final records of one New York contractor, covering two similar 
building operations, involving 57,000 yd. of 2,000-lb. concrete, placed by 
the same field force under similar conditions and with the same coarse 
aggregate, but with sand No. 1 used on one project, and sand No. 2 on the 
other, show a cement factor of 1.24 for the finer sand compared with a 
factor of 1.48 for the coarser sand. In other words, one more bag of 
cement per yard of concrete was used with the No. 2 sand. These records 
seem to bear out experiments on yield values and show to the contractor 
the importance of obtaining properly graded materials. 

In any locality, then, the first effort toward securing workability in 
an economical manner should be to intelligently select the aggregates. A 
careful sieve analysis of those available should be made, and actual test 
yields compared. Unless a proper combination of aggregates is selected, 
maximum economy and workability cannot be expected. 

The third way in which workability can be altered by changing the 
material content is by the use of an admixture, such as lime or celite. 
Neither of these admixtures, as commonly used, seems to aifect the final 
strength of the concrete to any extent. Both materials increase the work- 
ability, apparently in the same manner that the addition of very fine 
aggregates or extra portland cement increases workability. Both cost con- 
siderably more than portland cement, and the handling of the admixture 
involves another operation at the mixer. For ordinary concrete work, it 
will usually prove cheaper to increase the workability by a change in the 
aggregate or by the use of additional cement, or both, than it will to use 
an admixture. Under conditions where exceptional workability is neces- 
sary, in isolated locations where transportation of cement is costly, or 
where properly graded aggregates cannot be obtained, celite or lime may 
work out as a distinct advantage. When considering the cost of admix- 
tures, the bulking effect of celite on certain concretes should not be 
neglected. 


WoORKABILITY AS AFFECTED BY LABOR. 


The quality of workability bears a very close relation to the handling 
and placing operations wherever concrete is used. The most important 
features in the field which affect workability are as follows: 

(1) The plant layout for handling and measuring materials before 

they enter the mixer. 

(2) Transportation methods and means. 

(3) Care and system used in placing concrete in the forms. 

(4) General control and regulation of field operations. 

The type of equipment used for mixing concrete has changed very 
little since the first Ransome mixer was built. It can be safely said that 
the majority of mixers as designed today are satisfactory and will produce 
a thoroughly mixed concrete if properly handled. The principal changes 
that have been made in equipment, tending toward more uniform work- 
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ability, are in the devices for measuring or weighing either the cement, 
aggregates, or the water. On many modern plants, sand inundators, auto- 
matic water tanks, and hoppers for accurately measuring or weighing 
aggregates have been installed and successfully operated. Aggregates 
must be measured accurately and each batch must contain the correct 
amount of water, if uniform workability is to be secured. There are, 
however, economic limits to this accuracy of measurement which must be 
considered when measuring or weighing equipment is selected. 

The cost of installation per yard of concrete is normally higher for 
smaller operations, than where large volumes of concrete are handled. 
The cost of operating elaborate plant installations also runs heavy per 
yard of concrete unless handled very efficiently. Frequently also conditions 
at the site prevent the installation of plants requiring considerable head 
room. ' 

For such reasons, it is often sound economy to knowingly sacrifice 
sufficient additional cement to allow for reasonable variations in measure- 
ments, and to install a simple plant without precise measuring devices. 
For instance, a labor and material charge for special plant items, installa- 
tion and increased operating expenses amounting to 50¢ per yard, would 
cost the contractor about the same as though an extra bag of cement had 
been added to each yard of concrete. The additional bag of cement, how- 
ever, would certainly produce the more workable and stronger concrete. 
Possibly the increased interest in quality concrete has served to over- 
emphasize the importance of elaborate measuring equipment. Simple de- 
vices, well supervised, will produce accurate results at a very considerable 
saving in concrete costs. 

In the transportation of concrete from the mixer to the forms, worka- 
bility is a feature of prime importance. Workable concrete can be trans- 
ported long distances by various means without appreciable segregation. 
For short hauls, such as found on building work, the two-wheeled buggy 
still ranks as the most efficient carrier. Concrete moved in buggies, if 
very wet, tends to segregate somewhat, all the fine materials rising while 
the heavy aggregates settle into a solid mass at the bottom. A direct 
saving in labor in discharging from the buggy results if the conérete is 
mixed workable enough so that this condition does not exist. Workable 
concrete when deposited from the buggy leaves the bottom of it clean, and 
does not require re-working when it is placed in the form. 

For longer hauls, where considerable quantities of concrete are to be 
carried, belt conveyors or chutes are economical means of transportation 
for workable mixes. In the future, probably more belt conveyor systems 
will be used than have been seen in the past, owing to their economy of 
operation and great capacity. It must be kept in mind that neither of 
these systems will transport a non-workable concrete with any degree of 
satisfaction. Workable concrete is easily handled, non-workable mixes clog 
chutes, segregate on belts, and cannot be re-combined at the delivery end 
into a satisfactory concrete. Conveying concrete by means of chutes has 


Wuar WorkKABILITY MEANS TO THE CONTRACTOR. 81 


been unjustly criticized in the past, and equipment blamed in many cases 
where the real trouble was improperly mixed concrete. 

Concrete, containing an excess of water, segregates to such an extent 
when conveyed by chutes that the heavy aggregate becomes lodged at 
some point and blocks the chute. Likewise, concrete mixed too stiff is car- 
‘ried very slowly, and is apt to form blockades. The delays resulting while 
chutes are being cleared are expensive, and point convincingly to the fact 
that workable and uniform concrete is a necessity for labor efficiency if 
chutes are used. 

In connection with all methods of transportation, the advantage of 
bottom dumping equipment and its effect on workability should be men- 
tioned. Hoisting buckets, truck bodies, hoppers, derrick skips, and similar 
equipment tend to remix the concrete, and increase workability if the dis- 
charge is from the bottom rather than over the side. 

The labor cost of placing concrete in the forms is always increased if 
the mix is not workable. On many classes of work various consistencies 
must be used for different portions of the structure. These different parts 
of the structure may be included in the same day’s work, and require an 
intelligent change in the mix if efficient labor costs are to result. An illus- 
tration of this is the case of an inclined concrete slab for a sawtooth roof, 
which might be concreted monolithic with several bays of flat roof. The 
concrete for the inclined roof must be placed much stiffer, and be made 
more workable than the concrete ordinarily required in the flat roof, if the 
work is to be handled at a minimum cost. In some cases to insure proper 
placing at low labor cost, it may be desirable to use specially graded 
aggregates for part of the work, as in the case of fireproofing around the 
bottom fianges of heavy beams, or in locations where reinforcing 1s 
extremely complicated. This means that a knowledge of the workability 
required for different work must be exercised by those in charge and 
advantages taken where opportunity permits if concrete is to be placed 
economically and well. On all structures the surfaces of the freshly placed 
concrete should be kept as level as possible. Concrete arriving at the 
forms segregated should be remixed with shovels. The forms should be 
filled in an orderly manner with few fresh edges left exposed. 

Concrete for ordinary structures should be so designed that practically 
no free water will accumulate on its surface. If pools of water do form 
as the concrete is placed, they should be removed by shovels and pails. 
Excess water should not flow over the edge of forms or the face of the 
concrete, as segregation will result, and the quality of the concrete will be 
impaired. 

On structures which require finished surfaces, workability shows a 
real saving in labor. when the finishing operations are considered. Labor 
costs for pointing up and repairing honey-combed areas are high and soon 
over-balance the extra expense that would change a non-workable mix to 
one of proper workability. 

To protect his own interests in the field of concrete today, it is neces- 
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sary for the contractor to establish some definite method of control and 
check on the performance of his organization. This may be made quite 
elaborate and extensive, or it may be comparatively simple as the case 
seems to require. For ordinary operations, the following system is recom- 
mended as a help in obtaining economical workability : 


(1) Before work is started, a careful study of the available aggre- 
gates should be made and those producing the most workable 
concrete and giving the highest yield values should be selected. 

(2) Proper mix designs should be made and tested for concrete of 
the strengths and workabilities required by the structure to be 
built. 

(3) Proper facilities for insuring the correct quantities of cement, 
water, and aggregates should be provided at the mixer. Daily 
checks on batches of materials entering the mixer and an inspec- 
tion of the volume of concrete discharged from the mixer are a 
necessity. At regular intervals, not over two weeks apart, 
cement and aggregate factors should be computed and recorded, 
based on total quantities used and concrete yardage placed. 

(4) Test cylinders made from different sections of the work as it 
goes forward, should be broken when one week old and the con- 
crete strength noted in permanent records. A set of these cylin- 
ders should be cast at least every other day that concrete is 
placed. Twenty-eight-day strengths should be computed from 
actual 7-day tests, and at intervals extra cylinders should be 
made so that actual 28-day tests can be checked. 


By a study of the results obtained in the above manner, the contractor 
is not only able to assure himself that concrete of the required strength 
is being placed, but the cost of workability obtained from different aggre- 
gates soon becomes apparent. Without some such record of past perform- 
ance to serve as a basis of comparison in the selection of materials and 
field methods, true economy in securing workability cannot be realized. 


Discussion.—WORKABILITY SYMPOSIUM. 


Joun G. AnLERS (By Letter).—A great deal of field work and study Mr. Ahlers. 
has been made on the factors affecting production of good concrete. As a 
result control and manufacture of concrete is undergoing a slow yet per- 
sistent change as we learn more of the effect of each of these. A very 
important factor is that of workability. The purpose of this discussion is 
to give information on the relationship between workability and other 
items that enter into design, control, field production and cost of concrete. 

It must be understood that the term workability of concrete has refer- 
ence only to that period of manufacture from the end of the mixing opera- 
tion until final placing in the work. Workability being the last stage 
has no bearing on other qualities of concrete, but is in turn affected by all 
of these factors. A greater or lower degree of workability is always 
obtainable by varying the relationship of constituent materials and thus 
paid for in an increased or lessened cost of the finished product. Work- 
ability of concrete, it must be understood, is apart and distinct from con- 
sistency, proportion, strength, design, water-cement ratio, yield and cost. 
To understand this better the following definitions are offered: 

Workability—expresses whether concrete is wet, dry or plastic. 

Consistency—that property of concrete which expresses the harshness 
or smoothness as effected by the particles of stone, sand and cement in 
relationship to the voids. 

Proportions—the quantity combination of: 1, water to cement; 2, fine 
to coarse aggregate; 3, water-cement to coarse-fine aggregate. 

Strength—expresses the resistance of concrete to crushing, shear or 
tension after it has taken its final set, expressed with reference to the 
age of the concrete from the time of initial set. 

Design of concrete—determination of the proper proportion of water 
and cement to give the binding medium for the proper proportion of fine 
and coarse aggregate by trial or careful calculation to give concrete of 
required strength. 

Yield—expresses in terms of quantity or cost the amount of cement, 
fine and coarse aggregate contained in a finished cubic volume of concrete. 

Cost—the total money expended on cement, aggregate and labor in a 
finished volume of concrete. _ 

The graphic illustration herewith shows how workability is related to 
all of the above factors. The illustration also shows how workability is a 
job problem depending on the art of the foreman or laborer controlling the 
mixing operation, furthermore, that the design of the concrete for strength 
goes back of and is apart from the problem of workability. 
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The second diagram, drawn in the same manner as the first, indicates 
how control of all the constituent materials entering into the manufacture 
of concrete may be obtained by usual field equipment. By careful and 
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FIG. 1.—HOW CONTROL OF CONCRETING MATERIALS MAY BE OBTAINED BY 
USUAL FIELD EQUIPMENT. 


exact weighing of each separate material the best combination can be 
worked out to form the artificial stone called concrete. The factor of work- 
ability is only an intermediary stage occurring from the time of leaving the 
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mixer until finally deposited and placed in the work. This same diagram 
shows now a change in workability is obtained by changing the relationship 
between the binder and the filler. The cost of this change is shown in 
table form. 

It will be noted that the manufacture of concrete consists essentially 
of three parts: first, combining the proper proportions of water and cement, 
(strength) ; second, combining the proper proportions of fine and coarse 
aggregate, (consistency); third, combining the proportions of binder and 
filler, (workability). In actual practice the three combining actions con- 
cur in one mixing operation, but nevertheless the three steps are there. 
The filling medium, the fine and the coarse aggregate, should be propor- 
tioned in relationship to their grading in such a manner as to give the 
best possible consistency for the finished product. This consistency is often 
erroneously confused with workability. The consistency and proportions 
of the aggregates affect the cost of the finished product, because poor 
grading and proportion require more binder to give plastic workable con- 
crete. The effect on the consistency of concrete from the proportioning of 
fine ‘and coarse aggregate, and the grading of these, can be seen by trial or 
by actual calculations. 

It is not the purpose of this discussion to set forth the design of 
concrete for strength or proportion. We assume that the proper water- 
cement ratio for a desired strength has been determined. Any degree of 
workability can be obtained then by using more of correctly controlled 
water-cement paste, or slurry, to a given amount of aggregate. An in- 
creased amount of binder will increase the workability of the finished 
product and also the cost. A better combination of fine and coarse aggre- 
gate, or a better grading of either or both, will decrease the necessary 
amount of binder and therefore increase the workability and decrease the 
cost. A higher degree of workability can be obtained in the concrete by a 
longer mixing period. Tests have demonstrated this, and along with a 
greater time of mixing also is obtained a higher strength of concrete. A 
similar increase in workability and strength is obtained by prekydration 
or a thorough mixing of the water and cement prior to being introduced 
into the mixer. In some test conducted in connection with actual field 
operations it was very clearly demonstrated that prehydration is most 
desirable both by observation of the workability and appearance of the 
concrete, and also by actual test results of test cylinders. 

With common control systems a higher or lower degree of workability 
can be obtained instantaneously by varying the relationship between the 
water-cement binder and the aggregate. The cost of the resulting concrete 
will vary accordingly. There is no reason then why in difficult places con- 
crete of a higher degree of workability should not be used without chang- 
ing the strength, whereas if a lesser degree of workability is usable money 
should be saved by using less binder for the aggregate. 

Remembering Fig. 2 it will be noted that higher. degree of workability 
is obtained at the expense in cost. This eost is worked out from experi- 
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ence in definite terms of dollars spent for increased slump. But a study 
of the factors reveals that the same degree of workability or slump can 
often be obtained by merely changing the grading of aggregates or the 
proportions of fine to coarse. Prehydration will also increase workability 
and slump without increased cost of binder or slurry. Therefore study 
and trial are required to obtain workability without increased cost. 

Analysis of the figures herewith will reveal that when admixtures are 
added they may or may not increase workability, all in the manner by 
which they require more or less slurry. It is possible to compare the cost 
of these admixtures with the cost of increased workability obtained by 
merely using more slurry. 

Conclusions.—A—Workability of concrete can be greatly increased by 
a thorough hydration of the water and cement before adding it in the 
mixer to the fine and coarse aggregate. 

B—Workability can be increased at no cost by better grading and pro- 
portioning of aggregate. 

C—Workability of concrete can be controlled at will by varying the 
amount of proportioned water-cement binder to that of the fine and coarse 
aggregate. 

D—Workability can be controlled at the expenditure of a small 
amount of money for plant and simple mechanical methods. 

E—Better workability will decrease labor cost. 

F—Using less binder and hence lower workability makes a saving 
worth while to use more labor in placing. 

J. H. Wasson (By letter) —For many years it has been standard 
practice to specify 1: 2: 4 concrete for reinforced sections of buildings and 
other structures. With dry and rodded materials as in the laboratory, this 
mixture may give a fairly workable concrete. However, with field condi- 
tions such a mixture is harsh and poor from the standpoint of workability. 

For the usual job conditions in reinforced concrete the writer is con- 
vinced that if in place of specifying 1: 2: 4 concrete the engineer or archi- 
tect will specify 1: 2.4: 3.6 concrete the workability of the concrete will 
be very much improved, and this without affecting the strength of the 
_ concrete adversely. Improved workability decreases honeycombing and 
adds to the uniformity of the concrete in place. 

G. M. Wixtiams (By letter).—The writer would like to see evidence 
to verify the assumption that ease of penetration of one or more rods into 
a plastic concrete mass is in any way proportional to the energy required to 
place the same concrete in actual practice. 

Is the energy required to force a rod into wet concrete, restrained from 
changing its shape by the rigid walls of the cylinder form, a measure of 
the work necessary to cause the same concrete to flow into place into a 
form? Is the energy required to displace and force aside (i.e. to segre- 
gate) aggregate particles suspended in a plastic mortar a measure of the 
mobility of a plastic mass which in practice is unrestrained laterally and 
flows as a unit without appreciable segregation of mortar from aggregate? 
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No doubt the results of penetration tests do distinguish and measure some 
property of the different mixtures being compared, but it is not clear that 
this property is directly related to or a measure of ease of placing as has 
been assumed. 

The writer would divide “workability” into two divisions: (1) trowel- 
ing workability and (2) flowing workability. Troweling workability is 
greatly influenced by the relative quantity of mortar as well as the plas- 
ticity or wetness of the mortar. Comparing two mixtures having the 
same flowability but differing in relative mortar contents, the one of high- 
est mortar content would generally be the most easily trowled and finished. 
The mixture containing the greatest volume of mortar could be surface 
finished with the least expenditure of energy. Troweling workability is 
especially desirable in mixtures used for the surfacing of floors and in con- 
cretes used for paving where a trowel or float is employed in the finishing 
process. The writer believes that the penetration apparatus is of value in 
measuring this property. ~ 

Flowing workability or flowability is a necessary quality of concretes 
used in mass or structural work where the mixture must have a certain 
fluidity or mobility in order that large masses may be transported and 
placed homogeneously with a relatively small expenditure of energy. The 
plastic, semi-fluid concrete mass is caused to flow into final position, thor- 
oughly filling the form and surrounding the reinforcing steel, by shoveling 
or spading of the concrete and vibrating the forms and the reinforcing rods. 
Where there is considerable reinforcing steel present, ease or difficulty of 
placing is dependent directly upon the flowability of the concrete. The 
more readily flowable the concrete may be, the smaller the expenditure of 
energy needed, as measured by vibration of the reinforcing steel or form. 
The spreading of a mass of concrete on the flow table under the action of a 
given amount of energy is comparable to the ease or difficulty of placing 
the same concrete in the forms. For all plastic mixtures free from segre- 
gation, the writer believes the spread of a mass of concrete or mortar on 
the flow table is a measure not only of consistency as defined by the 
authors but also a measure of the workability or placeability of the con- 
crete for structural purposes. Tendency of a mix to segregate is evidenced 
on the flow table by the rolling of coarse aggregate particles beyond the 
mortar boundary, if the mass is too dry or too harsh, or by the spread of 
the mortar ring beyond the body of the aggregate if the mass is too wet. 
Hither condition represents a less workable mix than one of the same meas- 
ured flow which shows no tendency to segregate. The flow table when 
properly used is not only a measure of flowability but of the tendency for 
any given concrete to segregate. After nine years of use of the flow table 
the writer believes that relative flowability as well as consistency of struc- 
tural concrete is measured by the flow table since the action of the flow 
table is comparable to the methods used for transporting and placing 
concrete in its final position in the work. 

The results obtained with the old and new types of penetration appara- 
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tus by Messrs. Smith and Conahey are interesting in showing how resist- 
ance to penetration decreases as the mortar content is increased or altered 
by the addition of various powdered materials. If flowability is maintained 
constant more mixing water must be added to those mixtures containing 
powdered additions and the effect is generally to slightly lower compressive 
strength and increase the absorption and permeability of the concretes. 
In this connection it is interesting to note that marked differences in pene- 
tration can be obtained by using sands of different granular analyses or 
fineness. Pearson’ and Hitchcock found that whereas the workability figure 
for the sand (called “normal sand”) throughout a series of tests was 65, 
the use of a finer sand gave a workability figure of 18, superior to that 
obtained when any integral powdered material was used with the normal 
sand. Furthermore, there was no loss in strength when the fine sand was 
used, while without exception all powders which increased “workability” 
tended to lower compressive strength. The writer would suggest that the 
use of a greater relative proportion of the “normal” sand would have 
tended to decrease the workability figure in the same manner as the use of 
the finer sand, although perhaps not to the same extent. So long as con- 
crete mixtures of the required flowability show no tendency to segregate 
there would seem to be no advantage in altering the mortar content or its 
condition. When segregation tends to occur its bad effects may be over- 
come by: (1) the use of a powdered admixture; (2) the use of a finer 
sand; or (3) the use of a greater relative proportion of the original sand. 
Sands which have low surface areas due to lack of fine particles are espe- 
cially troublesome when high flowabilities are required and one of the 
above methods should be used to reduce segregation. In any particular 
case the most practical and economical method can best be determined by 
actual tests. 

Whatever the distinction may be between workability and consistency 
the important and necessary quality in the placing of a structural con- 
crete is the “flowing” quality, and the writer believes that the flow table 
furnishes an accurate measure of this quality. 

Joun G. AHLERS.—Just one word to amplify my written discussion. 
I propose to stick to one single point, the question of slurry, or the water 
cement mixture, which, after reading the papers, seems to be the outstand- 
ing point that governs the workability of concrete. By using more or less 
of that water-cement paste, which controls the strength, you can get any 
degree of workability with the materials you have in hand. Mr. Doe said 
in his paper that this is the thing that interests people who make concrete 
and have to do it at a reasonable cost in order to make it feasible to do 
the work at all. The discussion submitted was intended to focus on this 
phase of workability; what does it cost to get workability? There was, 
for instance, a table which shows that concrete with an increase in slump 
from 4 to 8 in. would cost two dollars more per cu. yd., using the same 
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material and the same water-cement paste. In looking at that phase of 
the subject I believe there is a possibility for getting additional work- 
ability without increasing the cost by trying out in the field what has 
been done in the laboratory by Nathan Johnson and some of the mixer 
companies, that is, pre-hydrating the cement in the water. From some 
actual field work I am fully convinced that if a practical way can be 
found for pre-hydrating the cement, you can increase your workability 
equivalent to the addition of slurry and save at least $1 per cu. yd.; that 
is the point that the discussion was intended to focus thought upon. The 
question of workability depends on the slurry which controls the fluidity 
and thereby controls the cost and strength of the concrete. 

A. S. Douetass.—I would like to take a minute on another ingredient 
of concrete, another element of workability which seems to me has not been 
mentioned. You have heard the college professor’s joke in which he told 
his students that there was a fourth ingredient of concrete of which they 
had not thought, and that it was water. I could tell you of another in- 
gredient of workability concerning which the program committee, in lining 
up this group of papers, has not thought of. Twist the word “workability” 
and say “ability to work.’ I think that is probably the greatest ingredient 
in good concrete for the contractor and for the engineer. On a small piece 
of road pavement being done with a %4-yd. portable mixer as part of a 
larger job and by a concern carefully watching and proportioning its con- 
crete, the inspector, who was in full authority as to the preparation and 
design of the mix, had turned out the first batch from the mixer. The 
general foreman, a typical old timer, complained about the unworkability 
of the mix. The inspector was figuring on the back of an envelope to 
determine how much more water and how much more cement should be 
added, when the general superintendent appeared and said, “What is going 
on?” The inspector said, “The general foreman has asked for a softer mix.” 
The superintendent said, “Wait a minute. If you give it to him, how much 
cement are you going to add per batch?” He told him. ‘About how many 
batches are you running per hour?” He told him. Then turning to the 
general foreman, he said, “How many men will you save if he gives you 
that softer mix?” The foreman told him, and the superintendent, after a 
little thought, said, “Get busy and place it as it is, and thereby save, two 
to one, the price of that extra labor.” Understand, I do not suggest that 
that can be applied to highly reinforced walls. It can, however, be applied 
to a great deal of work. I want to call attention to one statement in Mr. 
Doe’s paper which apparently might be taken as insignificant but which 
to me is highly important. He said, “When surplus water occurs on top 
of concrete, it should be removed by shovels or buckets.” I am firmly of 
the opinion that on first-class, controlled concrete, workable enough for any 
class of work, no water should appear on the top, and I am speaking as a 
user and placer of concrete and not as a person having anything to sell. 

I also agree with the statement in Mr. Ahlers’ paper, which says, 
“Using less binder and hence lower workability makes the saving worth 
while to use more labor in placing.” 
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C. M. CuapMan.—I have been particularly interested in the paper on Mr. Chapman. 
methods of measuring workability. ‘The difficulty with the contractor, the 
concrete placer, is to distinguish fine differences between mixes as to their | 
workability. He must depend for his information regarding the workability ; 
of his output upon the opinion of the workmen who are placing it, the 
opinion of the man who looks at it as it comes out of the mixer or the 
opinion of some inspector. Until we have a method of determining with 
some accuracy this quality which we call workability, we are going to 
make progress slowly in utilizing its advantages. The paper by Mr. Smith 
and Mr. Conahey is very interesting, but I do not see in it evidence that 
what they are measuring is the workability that the contractor is talking 
about. Until we know that what they measure or give a numerical value 
for is the quality which enables the workman to put that concrete into 
place with less labor and at a lower cost, the usefulness of the data 
obtained with this apparatus is limited. We cannot apply it until we 
know they apply. I wonder if the authors of that paper can point out 
whether that quality which they measure is the same workability which 
the contractor is looking for? 

GrorGceE ConAnEY.—If you will refer to Fig. 8 of the preprinted Mr. Conihey. 
paper you will find the results of a series of tests made to see if the 
penetration apparatus would measure the property of concrete known as 
workability. You will find the work done in driving the rods 11 in. into 
the concrete plotted along ordinate and the “flow” of the concrete plotted 
along the abscissa of Fig. 8. The concrete with flow of 40 on the left 
hand side of the diagram was very dry and almost crumbly. The concrete 
with a flow of 150 on the right hand side of the diagram was extremely 
wet. There are very few things about workability that concrete investi- 
gators will agree upon. Most of them, however, will agree that a moder- 
ately wet concrete is more workable than a dry concrete when both are 
made of the same aggregate and cement. Most of them will also agree 
that when two concretes are made of the same aggregates and cement 
and are mixed to the same relative consistency or have the same “flow” 
the concrete containing the larger proportion of cement (richer mix) 
is the more workable. 

If you will examine the curves of Vig. 8 you will find that more 
in. lb. of work were required to drive the rods into the dry concrete 
(flow 40) than to drive them into the moderately wet concrete (flow 100). 
It also required more work to drive the rods into the concretes containing 
the smaller proportions of cement when mixed to the same relative con- 
sistency or “flow.” The work done in in. lb. in driving the rods 11 in. 
into the concrete is called “the workability figure” of that concrete. 

The mixes shown, 1:114%4:3, 1:2:4, 1:24%4:5, and 1:3:6 were made of 
the same gradation of the same aggregate and the same brand of cement. 
The only difference between these concrete mixes was the proportion of 
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Water was added to the concrete to give 5 different relative consis- 
tencies as measured on the flow table for each mix. In obtaining these 
data a batch was prepared and tested at a certain relative consistency, 
then it was discarded. Three tests were made on each of 5 batches to 
give the data for each point on the diagram. If you will examine the 
cures you will find that the results line up in the manner you expect 
a workability apparatus to show them. Take the 1:144:3 curve for 
example. At the point showing the dry concrete (40 flow) it requires a 
relatively large amount of work to drive the rods into the concrete, or the 
concrete has a high workability figure. This dry concrete is more difficult 
to place than a wetter concrete of the same proportions. When the con- 
crete was mixed to have a flow of about 70 the results of the tests with 
the penetration apparatus show this marked difference in the workability, 
that is the workability figure was considerably lower at this consistency 
(70 flow) than at the dry consistency (40 flow). The results of the tests 
with the penetration apparatus also line up in the order expected when 
more water was added to cause a longer flow, i. e., with a flow greater 
than about 80 relatively large additional quantities of mixing water have 
very little effect upon the workability of a 1:1144:3 concrete. 

The effects of increased quantities of mixing water on the other mixes 
is similar to its effects upon the 1:114:3 concrete, except that it causes 
segregation in the lean mixes and the concrete is more difficult to place 
in order to obtain a uniform finished product. The workability curve goes 
back up showing this segregation. 

The segregation is most noticeable in the lean (1:2144:5 and 1:3:6) 
mixes. The mixing water does not show as great an effect on the work- 
ability of the lean mixes as on the workability of the rich mixes. 

The penetration apparatus also measures the difference in the work- 
ability of the concrete due to a change in the proportions of the cement. 
A 1:2:4 conerete mixed to have a flow of 100 is more difficult to place 
than a 1:14%:3 conerete. It also has a higher “workability figure” than 
the 1: 14:3 concrete. Similar comparisons can be made of the other 
mixes. 

In making the tests on these different mixes the water cement ratios 
of the conerete were varied over a wide range. If the water cement ratio 
instead of the “flow” were plotted along the abscissa of Fig. 8, the curves 
would not line up one above the other as they are in this figure. They 
would be separated in the horizontal direction as well as in the vertical 
direction. The curve of the 1: 1144: 3 mix would occupy the extreme left 
hand portion of the diagram, the 1: 2:4 curve would be a little farther 
to the right and above it, and the 1: 214: 5 and 1: 3: 6 curves would be 
still farther to the right and still higher above the others. 

It was because these results were parallel to the way the workability 
of a concrete is estimated in the field that we considered that this prop- 
erty which the penetration apparatus measures, was the workability of 
the concrete. 
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F. R. McMitian.——In reference to the last remark that Mr. Conahey 
made in regard to Fig. 8 of his paper, there is one factor that is ignored 
that will considerably modify the conclusions which he has drawn. There 
is no question at issue in the selection of concrete for a particular job that 
could be answered by reference to this series of curves. Before he can 
answer the question that Mr. Chapman has raised, it will be necessary for 
him to present data as to the relative workability of a number of different 
mixes of the same strength. All of our concrete jobs are predicated on 
some definite quality, strength or something of that kind, and there is no 
use comparing a 1: 144: 3 mix of 6 gal. of water per sack of cement as 
to workability with a 1: 3:6 mix of 10 gal. of water per sack of cement; 
they cannot be considered on the same job, will not perform the same serv- 
ice, and there is no occasion for comparing them on that basis. The same 
may be said to a certain extent in regard to Fig. 12 in which he compares a 
number of mixes discussed in Table 2, as to relative workability, without 
saying anything as to the suitability of those mixes for a particular job. 
Until we see the data comparing these various mixes which are equally 
usable on our jobs, we are at a loss to decide as to the merits of these 
tests. 

GEORGE CONAHEY.—There are a number of things that must be taken 
into consideration. When we first started this work we had hoped to find 
that the concrete users were not discussing altogether whether their con- 
crete would be 3,000, 4,000 or only 2,000 lb. per sq. in. at 28 days. We 
wanted to know something about the ease of placing concrete and we have 
been devoting all our efforts to that end. We have used the 1: 1%: 3, 
1: 2:4, 1: 144: 5 and 1: 3: 6 mixes simply because we knew there would 
be a definite difference between these mixes, and we felt that if we used 
the same gradations, of aggregates, and the same cement, we would get 
mixes with which we could try out different methods of measuring work- 
ability. 

Now the contractors are interested. If they can obtain the strength 
that they want with a 1: 3: 6 concrete but find it costs too much to place 
such a mixture, they want to know what they can do to improve the 
workability. They want to study the effect of the addition of more 
cement, a change in the gradation of aggregates or perhaps the addition 
of admixtures which was mentioned by Mr. Doe. Our paper has been 
limited to laboratory work. Thus far we have not been able to line up 
our laboratory apparatus with the work in the field. We hope to do that 
at a future date, so that we can compare the results that we get with 
our laboratory apparatus with workability as it is estimated in the field. 

A. B. Morriwu.—Referring to Fig. 12 and Table 2, it seems to me 
that the only fair way to compare these concretes is to compare concrete of 
equal value. Just below Table 2, the authors state “Pearson and Hitchcock 
found that the workability of a concrete mixture was about equally im- 
proved by the addition of 9 lb. of hydrated lime, 6 Ib. of kaolin or 3 Ib. of 
celite per bag of cement or by the use of 25 lb, of additional cement.” 
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Table 2 shows a considerable difference in the water-cement ratios of the 
samples tested, a much greater difference than should be allowed on a 
carefully controlled experiment. The water-cement ratio with celite added 
is 1.119 and the water-cement ratio for plain concrete is 1.005. This differ- 
ence alone is sufficient to cause a great difference in workability aside from 
the addition of any admixtures. Further, the authors have added 25 per 
cent more cement with no increase in the amount of water, decreasing the 
water-cement ratio to 0.86 and obtaining a very superior concrete. This 
last concrete must have been very much better than any of the others. It 
would seem only fair when adding more cement to add more water in the 
same proportion, keeping the water-cement ratio constant; if that were 
done the workability would have been obtained with much less than 25 per 
cent more cement. 

Grorce CoNAHEY.—The different concretes svere tested as nearly as 
possible at the same relative consistency as measured by the flow table. 
To obtain the same relative consistency it was necessary to vary the 
water content of each batch. Additional water was added to the batch 
containing the 25 lb. additional cement. If you will notice the two asterisks 
behind the water cement ratio 0.864 you will find that it refers to a 
note which reads “based on all cement used.” In other words, enough 
water was added to this batch so that it would have a flow of 90 to 
compare with the other mixtures. 

There is another point which must be considered in judging these 
results. If you will study the effect of admixtures on the water-cement 
ratio strength relation of a concrete you will find according to the data of 
Abrams and also according to the data of Pearson and Hitchcock that a 
higher water cement ratio can be used with the concretes containing admix- 
tures than can be used with the concretes without admixtures, and the 
same strengths obtained. 

J. C. Pearson.—Mr. Conahey has referred kindly to the work of Mr. 
Hitchcock and myself in the search for a method of measuring workability 
as something different from slump. To raise the question at this time of 
what effect on concrete strength any measures which may be taken to 
improve workability may have, is only to becloud the issue and divert 
attention from the purpose of the investigation. Primarily Mr. Conahey’s 
object is to develop a method of measuring workability. If we subscribe 
to the desirability of having such a method, then why bring up the subject 
of quality—that is an entirely different matter. Like Mr. Chapman, I 
think the method is the important thing right now, because until we can 
measure workability, we cannot discuss these other questions as to whether 
water-cement ratio or admixtures or anything else will yield concrete of 
definite value. 

Jn regard to Mr. Conahey’s methods, I still have a lingering doubt in 
my mind as to whether they will prove adequate, because either the 
penetrometer or the squeezometer, according to the descriptions given, 
seems to register its indications in rather arbitrary units. It seems to me 
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that we may have to get back to the more fundamental flow-pressure rela- 
tions, such as Mr. Bates has described in his studies of cement. Of course 
we cannot squeeze 144 aggregate through a capillary tube, and apply 
that method to concrete. In conerete we shall have to deal with the proper- 
ties of shear and force, or more specifically with the rate of shear, pre- 
sumably through a stirring device of some sort, and the power required 
to drive the stirrer. I have always felt that this problem was going to be 
most hopefully attacked by some sort of a concrete-mixer device in which 
the power applied to the paddles would be analogous to pressure and the 
speed of the paddles to the rate of shear or flow. We cannot tell before- 
hand whether the revolution of the paddles in the mixture will give true 
shearing values or not, but the scheme appears promising, if only by its 
resemblance or analogy to the methods commonly used in studies of plas- 
tic materials. 

But this is only an opinion; I have not had opportunity to try the 
method suggested, and can only express the hope that someone will try it. 
What I wish to register here is appreciation of the work of the authors 
of this paper, and hope that they and others will continue to search for 
simple and dependable methods of measuring the plasticity or workability 
of cement mixtures. 

P. H. Bates.—I am afraid we have made a little god out of strength 
and felt that it was the main thing, whereas it is only a measure of the 
final thing we are after—serviceability. We can obtain serviceability to 
a far greater extent in a great many structures by workability rather than 
by strength, and therefore the main question to be considered is work- 
ability. 

A. S. Doveiass.—I would like to state some facts. My position is 
such that I am responsible both for quality and cost. The contractors have 
not that enviable middle ground to view the problem from. We discovered 
from extensive tests that we could get consistently—and the figures are 
all subject to irrefutable proof backed by voluminous records—reliable, 
continuously, 2000-lb. concrete with so little cement that I felt it necessary, 
in order to get” enough cement into concrete calling for lower strength, 
arbitrarily to dictate that no concrete should be prepared with less than 
5 bags of cement. For conditions where extreme protection of steel is not 
entirely necessary we are now using a minimum of 5 bags of cement for 
ultimate 28-day, 2500-lb. concrete. |With about 6 bags, we are designing 
3000-Ib. concrete and using that for our reinforced work. In other words, 
on our cheapest concrete we have increased the customary stresses 25 per 
cent and on our high-grade concrete we have increased our working stresses 
50 per cent. 

E. M. Brickerr.—Mr. Conahey’s paper deals with laboratory tests in 
which it is absolutely necessary to have a common basis for your measure- 
ments. Mr. Conahey selected the basis of equal flow or equal slump. Now 
certain men here of a practical trend are rather confusing the issue in 
stating that he should have adopted equal stress. Mr. Conahey is attempt- 
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ing to measure the workability of concrete, and that is the first thing we 
must have and it is the thing toward which this discussion should tend. 

F. R. MeMttian.—! would not want the opinion to go out that I am 
not in agreement with much of the comment here on the value of this 
work. My previous remark had only to do with the question of whether 
this was a measure of workability. Jf Mr. Bates or Mr. Pearson are in 
doubt as to my stand on the importance of workability, let them read some 
of the questions and answers in the Primer which will be presented at a 
later session. I think I go as far as either of them on the question of 
workability as an essential to the durability and the placement of concrete. 
My point is that it is unfair to ask us to rate this particular test as a 
measure of workability until it is tried out on the mixes which are other- 
wise suitable. It is a very excellent tést of the penetration of concrete, 
the same as the slump test is of the slump of concrete and the flow test 
of the flow of concrete, but does that mean that it is a measure of the 
thing we want on the job? It may be. It is probably better than our 
slump or flow test, but before we are asked to accept it, let us see it tried 
out on mixes that are equally suitable for the work. - 

A. N. Tarsor.—I should like to ask a question concerning the meaning 
of Fig. 8, to be able to judge of this relation between the new instrument 
and flow table work. I think nothing has been brought out as to how the 
variation in each of these mixes, say the 1:114:3, was obtained. I judge 
from what has been said that it was through an increase in the amount of 
the mixing water. That being so, will Mr. Conahey be good enough to tell 
us where the consistencies in ordinary use would come. There are two 
points in going from the small flow to the higher flow that give an incli- 
nation; the others show about the same amount of workability factor with 
a considerable increase when the flow is derived from the flow table. What 
is his explanation of that? . 

GrorGE CoNAHEY.—The concrete with a flow of 40 corresponds ap- 
proximately to the concretes used in road construction, The concrete with 
a flow of 100 corresponds to the concrete ordinarily used in reinforeed-con- 
crete building construction, The flow of 150 is a soupy concrete which is 
often used in thin wall sections. The man who is building a large dam of 
mass concrete is interested in a concrete of an entirely different workabil- 
ity factor than the man who is building a concrete road or reinforced- 
concrete building. As a rule a moderately wet concrete does not segregate. 
If the concrete is placed too dry it will give trouble with honeyecombed 
spots. The concrete must be wet enough to be put in place and a com- 
pact mass formed with the equipment available on the job, if good results 
are to be obtained. 

If you will refer to Fig. 8 of the paper you will see that the 1: 3:6 
concrete with a flow of about 40 had a lower “workability figure” than 
did the same concrete with a flow of about 60. This was due to the fact 
that the concrete with the flow of 40 was not wet enough to be properly 
compacted by the method we used in preparing the test specimen. When 
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more water was added and the flow of 60 obtained, a dense uniform sample 
was the result, and it required. more work to drive the rods into this 
specimen than into the other. All our efforts have been expended in try- 
ing to develop a method of measuring workability. Until we feel confident 
that the method will measure the differences in workability of the labora- 
tory mixes there is no need of testing concretes made on the job, for our 
efforts will be wasted. We believe that the penetration apparatus does 
measure the property of concrete known as workability, and we hope to 
be able to make tests with concrete in the field in the near future. 
A. N. Tarsor.—lI judge then that this instrument shows little difference Prof. Talbot. 
in workability whether the flow is 80 or 120 or 150, and also—I am 
giving the figures named by Mr. Conahey 
8 in. or 10 in.? 


whether the slump is 3 in. or 


GEORGE ConAnry.—This data was obtained with a one-rod apparatus. Mr. Conahey. 
Substituting three rods makes the apparatus more sensitive and we will 
get a great difference between 1: 1144: 3 concrete and 1: 2: 4 concrete. 
ALFRED H. WuHiITE.—This symposium has discussed cement and water mr. White. 
and aggregates and Mr. Douglass added labor. I would like to ask about 
another factor, the time of mixing. 
GEORGE CONAHEY.—In making up these specimens we followed what Mr. Conahey. 
I think is the usual laboratory practice; we proportioned our mixes by 
volume, but we weighed the materials. They were placed in a shallow 
mixing pan and mixed dry until they were of uniform color. The water 
was added and the mixing continued for 2 minutes. In determining one of 
these points we made 3 tests on an individual batch and made up 5 batches, 
so that each one of the points on Fig. 8 is an average of 15 tests. Due 
to the nature of the apparatus, a large number of tests must be taken into 
consideration. We recognized this, and we tried to get in as much of the 
data as possible without going into such detail that no one would read the 
paper. When we considered the effect of the time of mixing, considering 
the elapsed time between the 3 tests as mixing time, we found that the 
average of the last tests was lower, or that the concrete was more easily 
worked than when the first test was made. We hope to study this problem 
further at an early date, but at the present time we have not been able 
to obtain sufficient data to state just what would be the effect of a longer 
time of mixing. 
Aurrep H. Wurrr.—I understand that these 3 points were made on Mr. White. 
the same mix. One test was made, then after a lapse of 3 or 4 min. an- 
other test was made and then, after 3 or 4 min. more, a third test, so that 
the first test was after 4 min., the next after 8 min. and the next after 
12 min. on the same batch and the plasticity increased? 
Grorce CoNAHEY.—Yes. sir; the plasticity increased. Mr. Conahey. 
ALFRED H. Wuire.—Suppose in concrete work the cement mixer was Mr. White. 
run 5 min. instead of 1 min., what effect would that have on the workability 


of the mix? 
Grorce CoNAHry.—That would increase the workability, but we have Mr. Conahey. 
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not been able to develop an apparatus that is sensitive enough to tell us 
to what degree. That is another reason why we are using 3 rods instead 
of 1 in the penetration test. We are trying to get a more sensitive ap- 
paratus. It is generally admitted, I think, that increased mixing time will 
increase the workability of the concrete. Just how much it will increase 
it, we hope we can determine. If any one has any ideas we will be glad 
to hear about them. 

C. A. Wirpxine.—It is clear to me now that this test was made en- 
tirely for developing apparatus and to investigate apparatus for use in 
testing workability. It is in laboratory process. It will be up to some 
one to continue this work. and apply it to the field. There is no attempt 
being made to say that any of these values or any of these mixes can be 
applied directly from these charts to any of our mixes in the field. There 
is no data regarding the character of the sand, and for that reason we 
cannot very well apply these values numerically to any field work. The 
proportion of fines in the sand is known to Yave an effect on the worka- 
bility, and especially in cases of mixes like 1: 3 4 which are on the border 
of being under sanded. For that reason, in illustration like Fig. 12, 
the data shows simply how this particular apparatus measures the worka- 
bility or flowability, and does not say anything about the economy, the 
strength or the durability of any of these concretes under test. 

F. E. SpurNey.—From the contractor’s point of view we are interested 
in amount of work necessary to turn over a mass of concrete. Mr. Conahey 
described four methods of measuring workability. Are there any more? 
As Mr. Doe asked, “Is it going to take more electric power on the motor 
to turn over a workable mass than it is to turn over a stiff unworkable 
mass?” With such an idea in mind, we made a miniature mixer drum, 
filled it half full of concrete and rolled it down an inclined plane. We 
thought at first the internal friction of that mass, i.e., the distance the 
drum rolled out on a level plane, would be a measure of the workability. 
We did not get very conclusive results, and we put a corrugation on the 
inside of the drum. We did not get any conclusive results with that, either. 
We are now wondering what would be the result if we put blades in the 
drum? 

H. W. Brown.—There are one or two things about Fig. 8 that 
have not been brought out. What we want to know is whether this hori- 
zontal line, say 200, represents a very workable concrete such as would be 
required in the most difficult reinforced-conerete work; whether 400 work- 
ability concrete can be used in ordinary reinforced-concrete construction, 
whether we can run up to 800 for road work, and what should be the 
upper and lower limits. If we can show by field tests with this apparatus 
that these lower horizontal lines are really horizontal, we have a very 
valuable measure of workability. It might well be that in the future we 
will say road concrete must have a workability based on tests with this 
apparatus. 


A. W. MuNsELL.—I do not get the idea of pressing of the rods through 
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the concrete, which is not a practical way of measuring the workability 
of concrete. In depositing concrete around reinforcement, the -concrete 
passes through the reinforcement and because of lack of workability the 
large aggregates hang to the bars, particularly where crushed stone is 
used the aggregates arch and form air or stone pockets. This may be 
due to the lack of some lubricant, in some cases, a too Jean mortar or 
under-sanding. 

My idea in making a test for workability would be to design an appa- 
ratus similar to actual conditions. In other words to pass concrete 
through several planes of reinforcement and measure what comes through. 
I have in mind an adaptation of the Jackson apparatus described in the 
Proceedings of the A. S. T. M. several years ago, in which is used an in- 
verted cone-shaped vessel with a sliding door at the bottom, to hold a cer- 
tain amount of mixed concrete. Below the inverted cone is a spring 
balance with a table one foot square. The amount of concrete held on 
the table is the measure of sistency. 

I propose to use an infgted cone-shaped vessel in which reinforce- 
ment bars in two planes, spaci#l 3 in. centers horizontal and vertical, would 
be fixed, the openings in the two planes of bars to be staggered. In opera- 
tion, the vessel would be filled with concrete and struck off. The sliding 
door would be pulled and the amount of concrete held on the table of the 
scale would be the measure of workability. 

The bars through which the concrete would pass would give that in- 
terference met with in actual placing of concrete and would more nearly 
simulate actual conditions than that proposed by Mr. Conahey. No work 
has been done on this apparatus yet, although we expect to start soon. 

A. N. TaLtsot.—Some of the speakers have suggested forms of appara- 
tus similar to those used in various tests made at the University of 
Illinois 5 to 10 years ago in a series of efforts to develop a test that would 
measure the resistance to the internal movement of the particles of the 
concrete among themselves (the movement of the particles relative to one 
another), which if it could be measured would be the real test of work- 
ability as it is needed in placing concrete in construction work. One 
method, tried in different ways, was to stir the concrete with revolving 
arms or paddles and to measure the current taken by the electric motor 
that actuated the apparatus. In many of the forms of apparatus tried, 
a large part of the current or the effort required to actuate the apparatus 
is taken up by resistance other than that involved in workability, so that 
with many variables in the resistance of the concrete to motion the indi- 
cations accompanying changes in the quality of the concrete are small and 
indefinite; and these troubles are likely to be inherent in many of the 
methods proposed here today. 

Another difficulty that will be encountered lies in devising a method 
that will be suitable for mortars and for a range of mixtures of concrete 
with aggregates of different size and gradation. A device that seemed 
promising in advance consisted of a rubber tube (an inner automobile tire 
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tube was tried) connected with a short cylinder at one end. When this 
was filled with concrete and a weight was applied to a piston that moved 
in the cylinder it was expected that the weight required would be propor- 
tional to the resistance to movement of the particles of concrete among- 
themselves as the tube expanded under the pressure. Actually the pressure 
in the tube was not uniform over its section, a central core carrying the 
main part of the load when the tube expanded as does ballast under a 
railroad tie. In all forms tried there was some obstacle in the way of 
success. It is to be hoped that efforts to devise an effective method of 
measuring workability will be continued. It is a most important problem 
and some day a solution will be found. 

E. E. Druspacu.—In the mixtures as indicated in Fig. 12, did Mr. 
Conahey find the same amount of water necessary in these mixes to get the 
necessary flow? s 

GrorGE CONAHEY.— You will see the water-cement ratio expressed in 
Table 2. In answer to a question as to whether it is worth changing the 
mixing time from 1 min. to 144 min., this depends on just what you want 
in workability. I know a products man who changed his mixing time from 
1 min. to about 3 min. and was able to increase his output from 10 or 12 
blocks per bag of cement to 16 to 18 blocks per bag. If you are mixing 
trowel concrete, the effect of changing the mixing time from 1 min. to 14 
min. is not very great. We have no method of measuring workability, and 
until we do we will have to use our own judgment. 

PRESIDENT Upson.—Mr. Conahey, I think it is probably wise for you 
to amplify your statement by saying that your final strengths were not 
greater for the long mix. The products manufacturer gained not from an 
increase in strength but from an early strength. We might be misled on 
that. 


DECORATIVE PAINTING ON CONCRETE. 
By Sipney F. Ross.* 


In 1926 our firm made its initial study of decorative painting on con- 
crete. This was described in an article written for the Architectural 
Record and appeared in the April, 1927, issue. For that reason it is 
hardly necessary to present the matter in detail, but for those who are 
not familiar with what we tried to accomplish a brief outline may be of 
interest. 

We had originally contemplated using a wood ceiling for the new 
Cadet Mess Hall at West Point, New York, but on account of the size and 
excessive cost of this work other treatments were considered, and it was 
finally decided to try the experiment of painting directly on the rough 
concrete surface of the flat slab and beam construction. With that idea 
in mind the ceiling was designed with relation to the beam spacing, false 
concrete beams being added to carry out the design as required. 

In the meantime, we had started a Temple House for the Union 
Temple of Brooklyn, which contained an auditorium also having a beam 
ceiling. As this building was in advance of the construction of the Cadet 
Mess Hall, we initiated the scheme for decorating painting on the concrete 
ceiling of this auditorium. The construction used was cinder concrete, 
and care was taken that the form work should be a better-appearing job 
than is usually demanded. It was found, however, that this proved to be 
immaterial, as the grain markings and joints were almost obliterated by 
the under paint coatings. The texture, which was in some respects rough 
and uneven, gave a certain quality that would not have been obtained on a 
plastered surface. 

Numerous experiments were conducted using a number of brands of 
cement paints and coatings to fill the pores of the concrete and prevent 
efflorescence and discoloration through the finished painting. It happened 
that the building had to be finished in a very short time and the work was 
therefore started while the concrete was still green. Tor that reason the 
problem was an unusually serious one and offered many difficulties that 
had not been anticipated. It was soon found that the various paints used 
were not effective and discoloration appeared even after two or three coats 
had been applied. 

At this point we consulted Nathan C. Johnson, and through his efforts 
developed a formula for the under coating which has proved entirely effi- 
cient. It appears that concrete as a material is totally unlike any other 
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substance known. The data on the chemical reactions extend back for a 
period of perhaps sixty years, during which time it has been found that 
concrete is subject to constant change somewhat similar to the breaking 
down and renewal of the body tissues. Only a small percentage of the 
cement used in the mixture is taken up when the concrete has its initial 
set, and as time goes on more and more of this unused cement becomes 
active. Another factor to be noted is that the bottom of the form is cov- 
ered with a rich skin cement coating, which dries faster than the remaining 
mass concrete, and in so doing a tremendous tension is exerted which 
shortly causes fractures extending in many directions throughout the 
under surface. Therefore, the base coating for the decoration, to be per- 
manent, had to have considerable penetration, and had to be of a substance 
not affected by dampness or by the chemical reactions in the concrete 
causing deterioration and disfiguration or permitting efflorescence and 
saponification. It was also necessary to present a surface capable of 
receiving and retaining oil paints and pigments without destroying their 
permanency. 

The formula finally devised contained a cellulose base, to which was 
added a certain amount of color to permit visual inspection, insuring a 
thoreugh coating of all surfaces. After this base coating had been applied 
it was found that an actual penetration of three-eighths to one-half of an 
inch had been attained. The nature of the material used was similar to 
many of the lacquer preparations and had an extremely disagreeable pun- 
gent and sickening odor; for that reason and also to obtain the maximum 
amount of penetration it was planned to spray the original coating. In 
this, however, difficulties were encountred, as the Unions would not permit 
painters to operate a spraying machine, and we were unable to obtain a 
favorable ruling. It was, therefore, brushed on by hand, the painters using 
masks, but even with this protection they were unable to work for longer 
periods than one-half hour at a time, and a similar period had to be 
allowed for the atmosphere to clear before work could be resumed. 

As an added precaution a second base coat was used consisting of a 
specially prepared lead and oil paint with the addition of various pig- 
ments. The decorative painting was applied over this. As the ceiling has 
been completed for over a year and shows no sign of discoloration what- 
ever, it is safe to assume that the method employed was successful. 

The ceiling of the main dining room of the Cadet Mess Hall at West 
Point is an extremely large one, covering an area of approximately 
70x 500 feet. This will be decorated with the same materials used for 
the Temple House. As the construction, however, is of stone concrete in- 
stead of cinder, the under film of cement is unusually hard, and it is antici- 
pated that the amount of penetration will be considerably less. For that 
reason a solution of aluminum was painted on the forms, which exploded 
on coming in contact with the wet concrete and broke up the cement coat- 
ing in small globular-shaped openings of various sizes which will give an 
additional key of adherence for the base paint coatings. 


DECORATIVE PAINTING ON CONCRETE. 103 


There seems to be no reason why painting on concrete is not entirely 
practical for certain types of decoration, and it offers a much more pleas- 
ing appearance than a smooth plastered finish or one artificially applied. 
in addition to that there is, or should be, a material saving in the cost 
over a furred ceiling. There is also a saving because of the omission of 
the bond coating of plaster where the paint is applied directly on the 
concrete. The one previous drawback has, of course, been the almost cer- 
tain discoloration, but by the use of simple precautionary measures this 
can be overcome. : 


Mr. Johnson. 


DiscussIon.—PAINTING ON CONCRETE. 


N. C. Jounson.—There were two very interesting problems, and | 
think they are of a good deal of interest to the concrete industry. The 
first one mentioned, the cinder concrete ceiling, was a particularly bad 
ceiling; efflorescence was extremely heavy and the water saturation was 
excessive. The second problem was one of stone concrete and to prevent 
sealing of applied paint, an effort was made to put perhaps billions of tiny 
pores into the concrete at such a period that they would remain as pores 
f am very glad to say that this effort was entirely successful 

Cellulose acetate paint and primer was used throughout. Cellulose 
acetate is non-soponifiable and has many advantages over the usual oil- 
vehicle paint. 

I did not know until this paper was read that in the first case men- 
tioned the body paint would be a cellulose acetate paint, and had assumed 
that merely the primer alone would be a cellulose solution. But some ad- 
vanced means of painting was necessary because we had a very poor ceiling, 
exceedingly porous and requiring a masking of all its chemical elements. 

The second case was a different problem, consisting, first of all, in pro- 
ducing a porosity such as would allow the paint or primer to go up into 
the concrete so it would not scale off. 

The chemical side of the question has been touched upon. The subject 
of effective painting on concrete is intricate and may not be gone into 
thoroughly here. But we might say that it is not merely a matter of cli- 
mate and humidity in relation to concrete as to whether or not one paint 
or the vehicle for a paint will be successful, one as against another. In 
Los Angeles they are painting very successfully, I understand, directly on 
the concrete without any intermediary, but the climate there is absurdly 
stable as to humidity. In a very dry climate, likewise, you may do many 
things that you may not do in a moist or humid climate, and most of all, 
in a climate of varying humidity. 
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REINFORCED CONCRETE ‘AS APPLIED TO MONUMENTAL BUILDINGS. 


By Emit PRAEGER.* 


The word “applied” seems to be out of place in a discussion of modern 
concrete construction. “Adopted” would probably be more in keeping with 
the remarks that I have in mind. This is a very broad subject and might 
easily include the majority of all reinforced-concrete structures, the word 
monumental as used in this instance meaning “conspicuous and lasting.” 

In the east there have been a number of conspicuous structures exe- 
cuted in reinforced concrete such as athletic stadia, arch bridges, ete. 
There have also been a great many conspicuous reinforced-concrete buildings 
constructed in this part of the country, but for the most part these struc- 
tures have been limited to industrial types of buildings with little attempt 
or necessity to improve the usual set scheme. 

You may have noticed that I used the word conspicuous and not last- 
ing. An article recently appeared in one of the New York papers, evi- 
dently following Sir Edwin Luyten’s statements concerning the lack of 
permanence of American buildings, which stated that there was only one 
building in New York City which was being built to last 100 years or more 
and that was St. John’s Cathedral, which is being built almost entirely of 
granite. I agree with the assumption that the granite structure should 
stand at least 100 years, but I also feel that the author of this article 
has been entirely too exclusive. 

Reinforced concrete is a comparatively new building material and it 
has made wonderful strides in the past 15 or 20 years. The possibilities 
with this material seem almost unlimited, but at the same time it now 
has its limitations. The work which such organizations as the American 
Concrete Institute, the Portland Cement Association and the various 
research departments connected with engineering schools throughout the 
country are performing will greatly aid in lifting some of these existing 
limitations. We seem to meet fewer of those reinforced-concrete specialists 
who try to convince you that reinforced concrete is the best material for 
any and all purposes. I am not a specialist in that sense of the word, 
because I must admit that there are places where structural steel, stone. 
terra cotta, wood or other building materials can be used to better advan- 
tage than concrete. 

Recently there seems to have been an effort to create a characteristic 


concrete style of architecture. This is an effort which is commendable, as 


*TIngineer, Bertram G. Goodhue Associates—Mayers, Murray & Phillip, 
Architects, New York City. 
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there has been altogether too much sham connected with recent architecture, 
especially in some commercial buildings with structural steel frames. While 
I am not at all in favor of sham in building construction, I do feel that 
the continued development of reinforced concrete has made it possible to 
depart from the traditional forms where necessary and make use of shapes 
and elements not possible with any other material. At the same time we 
are at liberty to use reinforced concrete in many of the places where only 
stone, wood, brick or other materials formerly could be used. If desired, 
the same style or type of ornament may be used with concrete as would 
be the case with stone or with wood. We have often heard that no orna- 
ment should be used unless it has a useful structural purpose. In my 
opinion this is an altogether unnecessary restriction and one which need 
not be considered too seriously. A building devoid of all ornament would 
certainly be an uninteresting structure. . 

Before concrete was available, the architect was restricted within nar- 
row limits for his selection of shapes and sizes of structural members. 
With advance in knowledge of the possibilities of this material the archi- 
tect will be obliged to modify his ambitions less often than before, and 
the more capable that we become as engineers the fewer will be the restric- 
tions placed upon the architect. 

While reinforced concrete offers unlimited opportunities for the design- 
er’s imagination, he should not throw tradition to the wind, forget every- 
thing that has been accomplished in the past and try to create a new 
architecture overnight to fit this new material. Let us not become slaves 
to concrete, but rather develop new forms slowly and as the requirements 
at hand seem to demand. 


Los ANGELES PUBLIC LIBRARY. 


As stated, there have been comparatively few reinforced-concrete build- 
ings erected in the east other than those of an industrial type. Let us 
therefore turn to southern California, where the use of concrete has been 
more varied. Some 4 or 5 years ago, Mr. Bertram Goodhue was com- 
missioned architect for the new Central Branch of the Los Angeles Public 
Library, the appropriation for this work being about $1,500,000. The 
building covers an area approximately 200 x 300 ft., or 60,000 sq. ft., on a 
considerably larger plot of ground, the main wings being 3 stories high 
with a central tower 135 ft. above the main floor level. For the archi- 
tectural design as well as structural, economical and other considerations 
seemed to make the use of reinforced concrete ideal. : 

In Fig. 1 are renderings of the first two studies of the Hope St. 
entrance, together with the finally adopted plan. In the first study the 
windows had circular heads with engaged wall columns. In the second 
study these details were somewhat simplified by using flat-headed openings 
and rectangular pilasters. These changes made a more economical concrete 
construction and at the same time improved the design. In the second 
study the dome and central tower have been made higher, but this scheme 
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STRUCTION VIEW, 


FIG. 1.—PRELIMINARY ARCHITECTURAL STUDIES AND CO} 
LOS ANGELES PUBLIC LIBRARY. 
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was abandoned in favor of the square tower and peaked roof as shown. 
With this final scheme the tower has been utilized as a stack space, with 
very little increase in cubage over the second scheme and probably no 
extra cost. 

As may be noted in Figs. 1 and 2, the exterior consists of concrete wall 
columns, concrete spandrel beams and concrete curtain walls. All of this 
concrete has been hidden either with stucco or limestone trim. While we 
have no serious objection to the use of stucco or stone, there is here an 
opportunity for those interested in advancing reinforced concrete, namely, 
the improvement of the poured concrete so that it will first not need sur- 


FIG. 2.—COMPLETED WEST ELEVATION, LOS ANGELES LIBRARY. 


face treatment, and, second, that it will not be necessary to use stone 
for decoration and ornament. : 

True, there have been many buildings constructed which have exposed 
exterior concrete walls, but while the texture may be quite satisfactory, 
the natural color of the poured concrete may be dull and uninteresting if 
not at times actually ugly. Then again the concrete may be subject to 
crazing and temperature cracks, it may be honeycombed in spots and it is 
difficult satisfactorily to patch even minor blemishes. An architect cannot 
afford to gamble with these conditions. Obtaining a concrete of sufficient 
strength and one repellent to water and other elements igs of course 
extremely important, but this phase of the subject will not be dwelt upon, 
because the secret of obtaining these qualities is known even though they 
are not always attained. : 
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In regard to the substitution of conerete for stone ornament, this can 
only be accomplished by constant study and practice by architects and” 
contractors. Ornament, figures, ete., should be poured with the building 
structure to effect the greatest economy and latitude of design. Obtaining 
a concrete of a more pleasing color and one that will be weather-resistant 
without additional treatment also will undoubtedly help to solve this 
problem. 

It may here be noted that in designing this building the probability of 
earthquake shocks had to be considered. Here again the advantages of 


FIG. 3.—LOS ANGELES LIBRARY UNDER CONSTRUCTION. 


reinforced concrete are apparent. Recently the practice has been to design 
buildings for a seismic factor of 1/10, that is, it is assumed that a severe 
earthquake would produce a horizontal force on each floor equal to 1/10 the 
dead weight of that floor. This force can be transmitted through the 
floor system to the wall or other rigid bents and distributed among these 
bents according to their rigidities so that only a small proportion need be 
resisted by the interior flexible bents which are made up of the interior 
columns and beams or girders. Earthquake forces, while never occurring 
at the same time as wind, act in a similar manner and are from 2 to 5 or 
more times the magnitude of wind forces. Well-built concrete buildings 
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have given a good account of themselves in past earthquake disasters, but, 
nevertheless, continued study on this subject is advisable. 

In regard to the interior treatment, in almost every room of impor- 
tance the structural members were featured rather than hidden, and the 
results seem to have been very satisfactory. Floor beams and girders were 
located so as to be symmetrical about the axis of the room below, or in such 
other positions as were desirable from the designer’s viewpoint. In all 
cases, the architect and the engineer worked close together. The ceilings 
of practically all rooms were left exposed, the concrete beams and girders 
being decorated with stencil or other painted decorations. 


FIG. 4.—READING ROOM, LOS ANGELES LIBRARY. 


Note that structural conerete members are featured, not hidden, and that 
they are decorated with stencil. 


The ceiling of the rotunda is a reinforced-concrete dome 38 ft. in 
diameter, which acts as the support for 4 tiers of library stacks. This 
dome is supported by 4 reinforced-conecrete arches which also carry the 
walls and roof of the tower. These surfaces were decorated without 
attempting to hide the board marks or otherwise disguise the material. 
Furring and lathing and plaster were eliminated wherever possible. 

The cubical content is approximately 3,500,000 ft. and the cu ft.-cost, 
including plumbing, heating, elevators and mechanical equipment, was 
about 38¢. There undoubtedly are many less satisfactory buildings to: 
day which have cost three or four times this amount. In spite of the 
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FIG. 5 SECTION THROUGH CONCRETE FRAMEWORK, LOS ANGELES LIBRARY. 
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fact that the owners’ requirements were considerably increased during 
the progress of our working drawings, the cost of the building (approxi- 
mately $1,300,000) was less than 90 per cent of the original appropriation 
and probably less than 75 per cent of what the client expected it would be. 
Therefore, in spite of the fact that very elaborate architectural and struc- 
tural detail drawings were necessary (the building department of Los 
Angeles requires drawings giving complete details of every member includ- 
ing actual bends of rods and also lists of bending moments, shears, etc., 
before approving same) the architect had the pleasant experience of fore- 
going his expected commission on the amount which his design saved for 
the client. Here, then, is another phase in which there is room for 
improvement. I say this quite seriously, because the suggested improve- 
ments or variations noted previously, namely, omission of exterior stone 
and stucco and interior lathing and plastering have the effect of consider- 
ably reducing the cost of the building without necessarily sacrificing its 
utility or beauty. At the same time these changes increase rather than 
decrease the amount of detail work which the architect must perfcrm, 
and with each saving effected the architect further penalizes himself by the 
reduction of his commission. If concrete is to be used for monumental 
types of buildings it must attract the best architects in the country, and 
to do this it seems that a more equitable basis of fees should be developed 
than the percentage of cost basis now generally in use. 


CHURCH OF THE HEAVENLY Resv. 

Our office was recently commissioned to design a place of worship for 
the congregations of the Church of the Heavenly Rest and the Chapel of 
the Beloved Disciples. The site selected was purchased from an owner 
whose home occupies half the entire city block to the north on Fifth Ave. 
The property was purchased on condition that the ridge of the roof of the 
church be not higher than 85 ft. above curb level. One of the conditions 
imposed by the client was that every pew should have an unobstructed 
view of the altar. 

The usual type of construction consists of a vaulted ceiling over which 
there is a steep light roof supported by steel roof trusses. ‘The restriction 
of height made this type of construction impossible, since an 80-ft. ceiling 
height was necessary from a design standpoint, leaving only some 3 or 4 
ft. for construction at the center line. We, therefore, first decided to use 
a structural tile vaulted roof of a construction similar to the tile ceiling. 

However, when a careful analysis of the stresses with this type of con- 
struction was made it was found that a stone buttress some 7 or 8 ft. 
greater than the width available was necessary. After some trials we 
became convinced that a satisfactory solution could be obtained by using 
reinforced concrete. In place of the outer tile roof a reinforced-concrete 
roof was substituted using a poured nailing concrete slab to receive the 
lead-coated copper roofing. This slab is supported by reinforced-concrete 
beams which in turn are supported by the reinforced-concrete arch ribs. 
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The ribs are part of the reinforced-concrete piers which extend to the rock 
foundation. 

In this particular building the concrete construction must serve its 
purpose without praise or glory because it is to be entirely encased. On 
the exterior, the walls are of Indiana limestone, while in the interior 
the walls are of Tammany buff sand stone and the ceiling of acoustical 
tile. 
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FIG. 6.—CROSS SECTION, CHURCH OF HEAVENLY REST, NEW YORK CITY. 


There were several possible methods of designing the arch ribs, but it 
was decided, after many trials, to consider each of these ribs and piers 
as two cantilever bent beams touching at the center. With this assumption 
the only bending moment at the crown is that caused by temperature 
changes and secondary stresses caused by possible deflection. From the 
crown to the buttress the bending moment is negative (that is, tension at 
the top) and increases gradually to a maximum at approximately El. 162, 
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where it begins to diminish until it changes sign at about El. 152, before 
the vaulted ceiling is in place and at El. 134, after the vaulted ceiling is 
in place. Below this level the sign is positive, that is, the bending moment 
produces tension on the interior and compression on the exterior side of 
the pier. It was decided to start the reinforcing directly under the nave 
floor so that at this location the bending moment was zero. With this 


ld 


FIG, (.— PIERS OF CHURCH OF HEAVENLY REST SHOWING RECESSES 


FOR BONDING FACE STONE. 


known factor, the bending moments at all other sections could be deter- 
mined and the stress in the concrete and reinforcing computed. 

There are several constructional features which might be mentioned. 
The stone work is of ashlar coursing, not less than 4 in. thick, while every 
fifth stone is a bond stone 8 in. thick. Our specifications required the gen- 
eral contractor to submit drawings showing the exact locations of all 
recesses in the concrete to receive the bond courses as indicated on the 
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stone contractor’s setting drawings. In order to expedite the work, how- 
ever, we prepared drawings giving the exact location of all stone joints and 
the necessary locations of slots and recesses to receive the stone. In addi- 
tion, dovetail anchor slots and galvanized anchors were specified and in- 
stalled to tie the stone back to the concrete. One inch was allowed between 
the back of the stone and the face of the concrete for grout. At junctions 


FIG. 8.—CORBELS AND SEATS FOR ARCH RIBS AND VAULTED CEILING, 
CHURCH OF THE HEAVENLY REST. 


of concrete piers and brick walls the concrete was toothed so that the 
brick courses bonded exactly with the concrete; wall anchors were also 
used. It was of course necessary to provide skew-backs at the springs of 
all arches, ribs, vaults, etc., and in addition, corbels were provided at 
different levels so that the weight of the spandrel wall was taken by the 
concrete piers, thus tieing the entire structure together. This is shown 
in one of the construction photographs. 
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Although the value of the stone was not considered in the structural 
design, tied and bonded to the concrete piers as it actually is, it unques- 
tionably adds considerable strength to these members, and can he con- 
sidered as an additional safety factor. Stone work was not started until 
after the concrete had been poured for several weeks during which time 
the concrete was kept moist (especially in warm weather) by allowing 
water to trickle over the top of the section last poured. 

There have been a number of stone-faced buildings in which the stone 
has cracked quite badly. This may have been caused by unequal settle- 
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FIG. 9.—CONCRETE FRAME, EUCLID METHODIST CHURCH, CLEVELAND. 


ment of the stone due to shrinkage of the mortar joints, different rates of 
expansion and contraction of facing and backing with temperature changes, - 
or other similar causes. ‘This movement might load some stones beyond 
their carrying capacity and therefore cause them to crack. To overcome 
this condition, a lead shield in which a corrugated lead sheet is sandwiched 
was placed in the alternate bond courses on the top of the bond stone. The 
thickness of this lead joint is 4 in. and as the stone joints are 3 in. we 
were able to put a thin levelling bed of mortar above and below the pad. 
If there is any unequal settlement the movement will not act over a 
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greater height than the distance between pressure relieving joints, and 
there is more than enough elasticity in this joint for it to act as a spring 
and to prevent excessive load coming on any one stone. These shields are 
kept back about % in. from the face so that we can point the joint with 
elastic cement or with cement mortar which is not tooled in tightly. 
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LEINFORCED CONCEETE 
BEMMS AND ALCH SUPPORTING 
TOWEL HALLS AT TEANSEPT 


FIG. 10.—CROSS SECTION, CHICAGO UNIVERSITY CHAPEL. 


Note that exterior faces of upper part of tower are inside of inner face of 
lower part of tower. 


In another instance on this job reinforced concrete played a rescue 
roll. Heavy timber trusses were designed for the roof of the chapel, but 


the fire department objected, and a very satisfactory reinforced-concrete 


truss was substituted. In this case the concrete roof beams and concrete 


trusses are exposed and are to be decorated. 
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The stone mason advises that he has experimented little or no trouble 
in setting the facing. The concrete piers and arches present an imposing 
appearance and with the development of a better and more uniform con- 
crete it should be possible, when considered desirable, to build such a struc- 
ture without the use of stone. While the finish treatment of this church 
does not necessarily indicate the structural design and materials, it is in 
my opinion perfectly honest construction, in contrast to the somewhat 


ric. 11.--UNIVERSITY OF CHICAGO CHAPEL. 


Tower supported by concrete arches as shown in Fig. 10. 


usual scheme of forming large interior piers of plaster imitating stone with 
a small steel column within. 


OrHER MONUMENTAL CONCRETE BUILDINGS. 


In a chureh which is now nearing completion in Cleveland a some- 
what similar structural design to that of the Heavenly Rest was followed. 
Here, however, the concrete roof slabs and beams were exposed and are 
to be painted without further treatment. In this case the structural roof 
and floors of the adjacent sunday school rooms simplified the problem of 
resisting the arch thrusts. 

We have also resorted to similar types of construction in other 
churches. For example, we used such concrete construction in a church 
in Fort Wayne, Indiana, in springing 4 arches, which supported the inner 
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walls of a crossing tower, from the sides of 4 other arches which paralleled 
the first set but sprung from a lower elevation. 

In the Chicago University Chapel the wall of a side tower at the 
crossing was supported by a reinforced-concrete arch, the spring of which 
is 75 ft. above the floor level; the walls of the tower rise an additional 
120 ft. above this spring level. Here the thrust was taken by heavy tie 
rods. This problem was complicated by the fact that the tower walls 
weathered back so that the exterior faces of the walls above the roof of 
the nave were inside of the interior wall surface below (Figs. 10 and 11). 


FIG. 12.—DILLINGHAM HALL, HONOLULU. 
Concrete used in place of wood because of danger from termites. 


To take care of this condition at the three sides, deep reinforced-concrete 
beams intersecting each other at the supports were used. Reinforced-con- 
crete columns faced with stone supported these members. 

The Church of the Redeemer, now under construction in Brooklyn, 
N. Y., has an octagonal tower with pointed openings at the ceiling below. 
As there was no opportunity to provide sufficient buttress for these arches, 
the walls were designed as concrete beams, thus eliminating the necessity 
of providing such buttresses. This, with concrete, is perfectly honest 
construction. 

About a year ago we completed the first wing of a monolithic-concrete 
school building at Glenbrook, Conn., in which exterior structural walls 
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were colored by the admixture of about 2 per cent by weight of cement of 
a mineral yellow. This gave a pleasing buff color which required no fur- 
ther treatment. Wide overhanging eaves on this building will probably 
be an aid in protecting the wall surface from the effects of the elements. 
I do not know of any other buildings in which the color of the poured 
concrete was similarly predetermined. Board marks should not be obliter- 
ated since, when properly placed, they add considerably to the texture of 
the exposed surfaces. 

Within the past few years we have designed and had constructed some 
eight or nine buildings at the California Institute of Technology. Some of 
these have been very special in their character and requirements, but there 
has been little difficulty in adapting reinforced concrete to their construc- 
tion. Provision for earthquake stresses has been one of the most impor- 
tant requirements. 

The building for the Bank of Hawaii,at Honolulu, is almost entirely 
of reinforced concrete, but the front and side elevations are faced with 
cast stone. A deep coffered ceiling was used in the banking room. 
The structural members in this ceiling as well as practically all other 
ceilings were decorated by stenciling the poured concrete members. Con- 
crete also was advantageously used in the construction of the heavy money 
vaults. 

In Dillingham Hall, Honolulu, we had originally intended to form the 
roof of laminated wood arches. There is a species of bug in Honolulu 
(termite) which is very destructive to wood, and at the request of the 
client these arches were revised slightly and designed for reinforced 
concrete. 

I would like to repeat that in my opinion there is a great future for 
reinforced concrete, but at the same time there is room for improvement, 
especially with regard to the treatment of concrete which is to be exposed 
to the weather under varying conditions. I would earnestly suggest that 
this and the use of color in concrete be given the maximum amount of 
study. 


Discussion.—MoNUMENTAL BUILDINGS. 


N. C. Jounson.—Our good friend, Harvey Corbett, who started out as Mr. Johnson. 
an engineer and has excelled as an architect, has defined the engineer as 
“an architect with all the juice squeezed out of him.” ‘ 

I could not help thinking of this mordant characterization as I listened 
to this excellent paper, because I believe that the cause and art of rein- 
forced concrete will advance further and advance more rapidly if engineers 
will forget stresses for a while and think objectively as to the net result 
to be achieved as does the architect. This gentleman who has spoken for 
himself and his associates is also speaking for a multitude of architects in 
this country and abroad who are thinking all the time in objectives. 

I trust, therefore, it is not an impertinent paraphrase of this paper if 
T say that in summation of this utilization of concrete by an architect, we 
find that “the ceiling is of tile, all exterior exposed surfaces are of stone, 
all interior exposed surfaces are of plaster or stone or brick or tile and the 
sub-foundations undoubtedly are of concrete.” 

That is a paraphrase, of course, but it is all that the concrete world 
at large deserves, for concrete has been used, thought of, investigated and 
researched solely on the idea of a stress-bearing material. By contrast, we 
are accustomed to seeing objectives obtained in architecture by brick. We 
may build a brick wall without lateral support or reinforcement to twenty 
times the basic width. But because so much weight has been attached to 
strength as the sole attribute of concrete, we may not, under the stupidity 
of our codes, build a concrete wall even to three times the base thickness 
without putting so much steel in that we almost cut it in two. 

And the cost is correspondingly high. 

Yet a brick wall is nothing but a concrete wall with a special aggre- 
gate; but if we take that same brick, run it through a crusher, mix it with 
some mortar and make it in the same form, we must pay a heavy penalty 
in reinforcement. 

One reason, then, that architects may not and do not extensively use 
concrete except for buried work is the code. A concrete wall is worth many 
times a brick wall in lateral stability, in strength and in every other virtue, 
but under the code we must consider it an inferior material and put in so 
much steel, which must be mild or intermediate steel of low elastic limit, 
that we are required to build such an enormous box to hold that steel that 
architectural expression by line and by form is an impossibility. No 
wonder that the architect throws up his hands and says, “What’s the use? 
You cannot express anything in concrete except a crude, pre-medieval con- 


ception of what a structure should be.” 
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So I hope that engineers will forget strength for a little and begin to 
study the architects’ needs a little more thoroughly. 

It is the greatest inspiration in the world to get away from thinking 
about 28-day strengths. None of us ever built anything to endure just 
28 days, and we are not horribly interested in what that strength is, so 
if you will pardon this remark, I would say to those who ostensibly have 
progress in concrete as a heart’s interest, “Forget your old prejudices. For- 
get your hard and fast ideas. Forget your assumed virtues and begin to 
really investigate the material that you talk about so freely, but do not 
begin to know. And above all, ask the architect what he wants in concrete 
beyond footings and basements. ‘Then find ways to give him what he 
wants.” 

If engineers will do that for two years, this Institute may have a new 
vision of the value of Concrete in Architecture; and architects and engi- 
neers alike, a new revelation on Architecture in Concrete. 


REINFORCED-CONCRETE WALLS FOR BUILDINGS. 
By W. E. Harr.* 


The purpose of this paper is to develop discussion on the use of re- 
inforced-conerete filler or panel walls for buildings and to point out some 
of the economies to be gained through the use of this construction in place 
of masonry walls. The construction consists of erecting a reinforced-con- 
crete building of any height and enclosing the building as it is erected 
with reinforced-concrete walls. The forms for these walls are built in 
such a manner as to include practically all of the architectural details and 
trim. When the forms are stripped a monolith stands practically com- 
plete except for interior finish. The walls for such a building may be 
treated in several ways in order to produce the desired color effects. 

Introduction.—As a basis for the structural design of buildings as 
discussed in this paper, let us conceive the simplest type of fireproof con- 
struction. The factory or loft building probably would give the greatest 
floor area at the lowest possible cost per square foot. The walls, columns 
and floor systems would be made of reinforced concrete placed by common 
labor with intelligent supervision. Rough holes would be left in the walls 
for windows, doors and other openings. Such a construction would repre? 
sent the maximum structure at a minimum cost for materials and labor. 
From this point the building may be given any treatment desired in order 
that it may be suitable for the class of occupancy for which it was built. 
Such a construction can well serve as a foundation from which to design 
office buildings, hotels and apartments. In fact, this construction might 
well be used on fully 90 per cent of our present building programs. 

In such a building concrete may serve as a structural and archi- 
tectural material. This concrete must be designed with care and the con- 
struction supervised by competent men. The concrete for this building is 
to be exposed to the action of the elements and for that reason must re- 
ceive unusual care and attention in making and placing. The contractor 
should bid the concrete at a price that will permit the care and attention 
required by the architect. In other words, the concrete for this type of 
building must be recognized as a different concrete than that used on the 
normal building job, because in this case it has the additional function of 
finishing and decorating the building. Further on definite recommenda- 
tions are made as to the mixes that will produce a proper service in the 
conerete. Suffice it to say here that the old-time 1: 2: 4 concrete does not 


*Manager, Structural and Technical Bureau, Portland Cement Association, 
Chicago. 
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possess the characteristics necessary to resist exposure or produce archi- 
tectural embellishment. 

Buildings using exterior walls of monolithic concrete have been used 
for factories and industrial developments in the central and eastern part 
of the United States with satisfactory results so far as housing the indus- 
try is concerned but with exceedingly poor results from the architectural. 


FIG. 1.—BAPTIST CHURCH, LOS ANGELES, 


This chureh illustrates what may be done in an untreated conerete. 
Five and one-half-inch form lumber produced an excellent exterior. AIL 
ornamentation, except the Rose Window, was cast in place.—Aison and 
Allison, Architects. 


viewpoint. It has fallen to the lot of the architects and engineers on the 
Pacifie Coast to demonstrate the practicability of using concrete success- 
fully as a structural and architectural material. All of the examples used 
in this paper are taken from the Pacific Coast with particular reference 
to the advancement being made in southern California. A survey of build- 
ings from Seattle to San Diego will convince the most skeptical mind that 
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concrete can be used successfully as an architectural building material. 
i! {\yr6 yay . © oa e . 
England, France, Germany and many of the South American countries 
have used concrete as a complete building material for many years while 
our own west coast brings this construction home to us. 

The Present Situation Before taking up the details of the problem 
let us look at present-day conditions with reference to what is involved 


FIG. 2.—TOWER OF SEARS-ROEBUCK & CO., LOS ANGELES. 

_ The straight, vertical lines of this tower adds height and dignity to the 
building. The ornamentation at the top of the tower was cast roughly in 
the forms, and afterward run truely with a cement plaster.—George C. 
Nimmons & Co., Architects. 


and why certain methods have been used. Since 1919 building permits 
have been on a steady increase, each year surpassing those of the previous 
year. In 1927 there was a slight drop which in the minds of most stat 
isticians is only a hesitancy rather than the start of a general decline. 
During these progressive construction years, the demands for new }uilding 
materials and new assemblies of building materials have steadily increased 
to keep pace with construction. A premium has been placed upon labor 
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so that today we pay from 100 to 300 per cent more for the same class 
of craftsmen over that paid in 1914. As a rule a large percentage of the 
cost of a building material is represented by the cost of the labor required 
to produce that material. Therefore, economic conditions have placed a 
certain restraint upon the manner in which buildings shall be erected. 
In face of all this, the architects of America have fostered and built more 
than thirty-five billion dollars worth of excellent structures in the past 
six years. 


FIG. 3.—SEARS-ROEBUCK & CO., LOS ANGELES. 


This structure is a monolith having exterior walls, columns and floor 
systems made of the same concrete and placed at the same time. The ex- 
terior treatment is of an ivory portland cement stucco.—George C. Nimmons 
& Co., Architects. 

Compare the architectural design of office buildings today with those 
built in 1900. The facade is simple, with straight lines and a minimum 
architectural treatment between the third and fourth floor belt course and 
the sky line. This is due in a great measure to the cost of carving and 
setting ornamentation. In other words, the architect has been forced for 
economic reasons to reduce his architectural embellishment to a minimuni. 

The fact that economics must be practiced in present-day construction 
does not relieve the situation from the architectural standpoint. In other 
words, the architect still has the desire to design buildings with an em- 
bellishment suitable for the structure. The fact that concrete can be pro- 
duced, where a duplication in ornament is permitted, more economically 
than any other form of treatment makes this new material desirable from 
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the architectural standpoint. It costs as much'to make the first model in 
concrete as it does to carve the same model in stone. If the model is pro- 
duced twice the original cost is cut by one-third. After four or five dupli- 
cations have been made, the cost is so greatly reduced that this form of 
treatment does not become a serious item of cost. 

The question has often been asked by members of this Institute, “Why 
do not architects use more concrete on the outside of their buildings?” 


FIG. 4.—WILSHIRE BOULEVARD CHEESY EIS CHURCH, LOS ANGELES. 


An example of church architecture in exposed monolithic concrete. All 
ornamentation, except the Rose Window, was cast as a part of the structural 
eoncrete. The surface of the entire structure was ground to a uniform 
finishRobert H. Orr, Architect. 


The answer probably dates back to the early days of concrete. At the time 
concrete was first proposed for buildings in this country, many agencies 
suggested the moulding of this plastic material into stone and architectural 
trim. Concrete was offered as a cheap method of giving a building archi- 
tectural treatment. In many cities we are still confronted with rock-faced 
concrete block atrocities and disintegrating examples of precast ornamenta- 
tion. This early-day, over-zealous promotion has naturally made the archi- 
tect skeptical and a bit careful in specifying concrete for exterior exposure. 
All of this promotion work was carried on before we knew very much 
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about the material. At that time concrete was cement, sand and stone, to 
which water in any convenient amount was added. 

Today we can place in the hands of the architect and engineer a con- 
crete that will fulfill his requirements as to a faithful reproduction of his 


FIG. 5.—WILSHIRE BOULEVARD CHRISTIAN CHURCH, LOS ANGELES, 


Kintrance way at the base of campanile. All parts of the entrance de- 
tail, except the panel behind the arch were cast with the structural concrete. 
The wall area shown in the picture is characteristic of the finish for the 
entire churech.—Robert H. Orr, Architect. 


design and with an assurance that his design will withstand the elements 
at least as successfully as any other material within the economic limits 
of his design. In other words, the architect can accept concrete as a ma- 
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terial that has a quality and integrity equal to the materials he is now 
employing. 

All of this has been brought about by intelligent and constructive 
research. Many laboratories have checked and rechecked the theories 
evolved until they agree that concrete can be made to a definite specifica- 
tion. Strength has been the measure of quality in the past but this fea- 
ture alone does not produce a concrete suitable for architectural use. Con- 
crete must resist the seasonal changes such as wet and dry, freezing and 
thawing and in some cases abrasion. Laboratory developments of the past 
five years make it possible to design a concrete that embodies all of these 
features, thus preserving the minutest detail of a design. 

General Requirements.—In considering concrete for the exterior of a 
building there are two principal problems that must be reckoned with. 
First the architectural design must be one that is characteristic of the 


FIG. 6.—EBELL CLUB, LOS ANGELES. 


This is the Woman’s Club of Los Angeles. The front elevation is char- 
acteristic of colonial design while the rear presents a Spanish patio. The 
entire exterior of this building is in a concrete just as it comes from the 
forms. All decoration is molded in the structural concrete.—Sumner Hunt 
and R. S. Burns, Architects. 


material and second, the quality of the concrete must be such as to resist 
the action of the elements. 

The illustrations used with this paper show conclusively that the ex- 
terior and exposed use of concrete must be a frank expression of the mate- 
rial. Designs to be done in concrete should not be the same as those of 
brick, stone or marble. Long pilasters should carry the eye from the 
ground to the sky line. Walls may be broken with windows, doors, arches 
or relief work but all should be in harmony with the general effect of the 
entire design. Embellishment should be so placed as to break up the large 
wall areas that would tend toward the unpleasant. One architect has said 
that, “All the lower areas of a building must have a friendly surface.” 
In other words, these portions of the building that the public notice most 
should have refinement built into them. The balance of the structure may 
carry the rugged characteristic of the material. The entrance ways must 
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be drawn carefully, and the sky line may be decorated with a wealth of 
detail. After all, the dominant note for the concrete building should be 
that of a monolith that has arisen out of the ground upon which it stands. 
It should leave the impression that it had always stood there and like the 


FIG. 7.—EBELL CLUB, LOS ANGELES. 

A view of the patio. Unusually pleasing effects have been produced by 
careful study of form details. All molds and trim were cast in the struc- 
tural concrete.—Sumner Hunt and R. 8. Burns, Architects. 

great Redwoods produce a picture in our mind of sturdiness sufficient to 
combat the elements for centuries. 

The concrete for walls of this type must be of uniform composition 
throughout the entire area. ‘The size and grading of the fine and coarse 
aggregate should be consistent throughout the job so that the concrete 
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will be uniform. A mixture composed of one bag of cement to six and one- 
half gallons of water will produce a concrete that will resist weathering 
and prevent the absorption of moisture into the wall. The consistency or 
workability of the concrete is very important. The concrete should be of 
such a consistency that it will go into all of the corners and angles of the 
forms without excessive spading, but the mix should not be so wet that 


FIG. 8.—BEVERLY PROFESSIONAL BUILDING, BEVERLY HILLS, CALIF. 


The design of this building is characteristic of reinforced concrete. 
Long, pilastered effects add height and dignity to the structure. The ex- 
terior treatment consists of a cement finish over the monolithic concrete with 
all spandrels cast in the structural concrete. The spandrels were stained 
in order to produce the contrasts. 


after the concrete has been in the forms for ten or fifteen minutes water 
rises to the surface. Each batch of concrete should have the aggregates 
and water measured very carefully so that the density of every batch will 
be the same. 

It is also important that the concrete be evenly distributed along the 
forms and not allowed to flow by gravity from the point of discharge to 
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any point in the wall. The form should be filled evenly and where possible 
the concrete placed in one continuous operation. Any breaks in the placing 
should be made on definite lines or along the bottoms of window openings. 

Application to Building Types.—The construction under consideration 
divides-itself into three separate and distinct types; (1) the multi-story 
building of reinforced concrete with all of the structural members includ- 


FIG. 9. 


PACIFIC COAST CLUB, LONG BEACH, CALIF, 


An example of marked-off stueco and moulded decoration. The stone 
marking is made in the brown coat and each separate stone is given a color 
treatment in order to produce mottled effects. The crest of the club was 


pre-cast and set before the cement finish was applied.—Curlett and Beelman. 
Architects. 


ing the walls of the same material placed monolithically with the columns 
and floor system; (2) the multi-story building with structural steel frame- 
work and reinforced-concrete enclosing walls; (3) the reinforced-concrete 


building six stories and less where the walls are load bearing and the 
spaces between the windows serving as narrow, rectangular columns. In 
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each of these classes the monolithic wall is the principal feature and the 
point of economy in the construction. 

Reinforced-conerete walls have three distinct functions in buildings of 
this type. In the first place they replace masonry walls in ordinary con- 


ric. 10.—THE SAN FRANCISCO CHRONICLE BUILDING, 
An excellent example of Gothic architecture done in monolithic con- 


The mullions were cast roughly in the struc- 


erete and molded decoration. ! ; : 
with a cement finish—Weeks and Day, Archi- 


tural concrete and run true 
tects. 


struction and enclose the building; second, they offer greater stability than 


any other form of enclosure. Such walls may be figured as taking a 


definite part of the normal wind stress, thus relieving the columns of part 
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of the stress or reducing their size. The third point, and the one that has 
greater consideration in this paper, is the employment of these walls as a 
part of the architectural scheme of decoration. 

Engineers generally agree that any type of construction giving greater 
stability without greater cost is a desirable construction. Monolithic 
walls placed at the same time as the columns and floor systems give greater 
stability and rigidity to the building. On the Pacific coast this method 
does not increase the cost even in the face of ten- and twelve-dollar brick. 


FIG. 11.—LAKESIDE APARTMENTS, OAKLAND, CALIF. 


An example of monolithic construction with a cement finished exterior. 
The building is characteristic of an apartment house erected in any part of 
the country. It is also characteristic of designs in monolithie concrete— 
Maury Dreggs, Architect. 


In localities where wind storms of great severity occur or where earth 
shocks are an ever-present menace, buildings are sometimes subjected to 
horizontal forces of great intensity. Such forces may be sufficiently great 
to severely damage or completely destroy modern skeleton frame buildings 
of even the sturdiest types. Walls which in themselves do not lend rigidity 
against such forces but which either crush or act independently of the 


structural elements permit differential movement between columns and 
beams. 
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Monolithic walls which are a part of the structure, however, tend to 
tie it together and resist horizontal stresses. Since walls are a necessary 
part of any structure and since concrete walls can be provided with addi- 
tional reinforcement, at slight expense, sufficient to provide full stability 


FIG. 12.—MAYHAN THEATRE, HOLLYWOOD, CALIF. 


The finish of this theatre consists of molded decoration at the base and 
around all window openings. The ashlar work in a cement finish produces 


an effect similar to brown stone. 
to the structure, it is only logical that the additional virtue of the mono- 
lithic wall should be put to good use in any locality where wind storms 


and earthquakes are problems. 
Most building codes require a brick filler or panel wall to be at least 


12 inches thick while the same wall in reinforced concrete need only be 8 
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inches. On this basis, the cost per square foot of wall area will favor 
concrete. Even though the concrete cost may be more it should be remem- 
bered that greater rigidity has been secured with a considerable reduction 
in the final load on the footings due to the fact that these filler walls also 
serve as a final finish of the exterior of the building. In other words, the 
load of a facing material need not be considered in these calculations. 

A summary of interviews with some twelve or fifteen engineers, archi- 
tects and contractors on the Pacific coast indicates that all favor mono- 
lithic walls over masonry construction. These men say that the cost is 
generally less and a greater rigidity is obtained. One contractor points 
out that the building goes up slower but that the total time of enclosing 
the structure is less. 

A great many factors enter into the cost of buildings so that it is 
difficult to draw comparisons that are reasonably accurate, therefore the 
figures given below naturally involve some tolerance in either direction. 
It is felt, however, that the differences in cost between the two types of 
construction should serve as a guide. These figures have been supplied 
by competent contractors and represent the same class of occupancy in 
each case. A structural steel frame hotel with masonry walls, face brick 
and cut stone trim, costs 67 cents per cu. ft. A reinforced-conerete frame 
apartment hotel with brick panel walls and a face brick exterior cost 
65 cents per cu. ft. Six apartment hotels, using a reinforced-concrete 
frame with monolithic panel walls and stucco exterior, vary in cost from 
47 cents to 52 cents per cu. ft. Published costs for stucco treatment on 
monolithic walls consisting of a dash coat for bond, a brown coat for 
strengthening the surface and a colored finish coat varies from $1.10 to 
$1.50 per sq. yd. All of the above figures are based on labor costs in 
southern California which are considerably lower than those in the cities 
east of the Rocky Mountains. However, the differential between mono- 
lithic walls and masonry walls is of significance. Approximately the same 
relationship in costs should exist in the central part of the United States. 

The practice of all western designers is to detail the construction of 
monolithic walls along with the columns and floors. The concrete is 
placed in the wall up to the soffit of the spandrel beam and allowed the 
customary two hours to settle. The beams, columns and floor system are 
then placed. This procedure makes a real monolith out of the structure 
so that all members, including the walls, function together, 

The reinforcement for 6-in. walls usually consists of 1%4-in. bars on 
12 in. centers, placed in the center of the wall. For an 8-in. wall two 
lines of %-in. bars are placed on each face with the proper amount of 
fireproofing over the bars. All windows, doors or other openings must be 
properly protected from diagonal cracking. To eliminate these cracks two 
%-in. bars are placed at the top and bottom of each window and over the 
top of each door. These bars extend into the wall at least 30 in. on either 
side of the opening. Further protection consists of two 54-in. bars placed 
diagonally over the corners of each opening. This practice is the rule for 
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the school boards in Seattle and Portland where the concrete is subjected 
to considerable volume change due to the great precipitation the year 
around; it is also followed on all work in California. 

The application of reinforced-concrete walls to structural steel frame- 
work is comparatively simple. After the frame has been riveted, outside 
forms one story in height are set. Reinforcement is then put in place 
after which the inside form is set and the concrete placed through the top 
of the form. Such a wall prevents lateral motion under high wind and 
earthquake stress. These walls may serve as the final exterior treatment 
or be cast with grooves for veneer anchors. 

The third class of structure is one in which the walls are load bear- 
ing and the spaces between the windows are narrow, rectangular columns. 
Such construction is particularly adaptable to schools, hospitals and apart- 
ment houses, because such walls can be constructed to a height of four 
to five stories without excessive thickness. There are no wall columns pro- 
jecting into the rooms, thus giving the maximum usable space. 

Finishing Methods—The method of finishing the concrete walls of the 
buildings depends entirely upon the effect the architect desires to produce. 
These finishes may be divided as follows: (1) Surfaces which receive no 
treatment after the forms are removed; (2) surfaces similar to (1) but 
which have been ground down with carborundum; (3) stuccos consisting 
of dash coats and two and three-course work; (4) special applied finishes; 
and (5) veneers of brick or stone. 

Surfaces that are to be left as they come from the form must be de- 
tailed carefully. The contractor must be required to use the best grade of 
tongue and groove lumber of 6-in. stock size. This gives an exposure to 
the surface of each board of approximately 5% in. The following is an 
extract taken from a specification from one of the buildings used to illus- 
trate this paper: “The forms for all exterior walls of the super structure 
above finish grade which are not covered by cast stone veneer shall be of 
ship lap lumber % in. thick. All boards shall be of the same width and 
laid horizontally and levelled and the joints well broken. The rough face 
where the surfaces are to be plastered or veneered shall be left next to 
the concrete and where no plaster is to be used the smooth side shall be 
next to the concrete.” 

The facade of a structure, on which no treatment other than that pro- 
duced by the wooden forms, should be studied very carefully in order to 
determine the proper width of form boards to be used. Wide boards tend 
to make the structure look heavy and clumsy while narrow boards dwarf 
the design. The 6-in. stock board referred to above produces a desirable 
effect up to heights of 100 to 125 ft. The form boards should be levelled 
and carried entirely around the building at the proper elevation. The 
joints between the form boards should be so broken that they will not 
be conspicuous. Ends of the boards that are out of line tend to break up 
the architectural effect and give a displeasing surface. It is therefore 
essential to see that each lift of the form lumber be carried directly and 
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evenly around the exterior surface and well nailed. As soon as the forms 
are removed the walls should be brushed down with a wire brush, thus 
removing all fins and construction dirt, giving the surface a clean appear- 
ance. The forms must not be painted with oil or other substances as this 
treatment will cause discoloration and prevent the bond of plasters or 
stucco. 

It has been found by practice that it is economical to grind this sur- 
face so as to remove all projections and give the structure a smooth 
appearance. This grinding is done with a portable electric motor and 
carborundum wheel. The grinding does not remove all of the form marks 
but merely evens the surface giving it a smoother appearance. The forms 
in this case should be designed for definite heights and filled with con- 
crete to definite levels so that when they are stripped the effect will be 
uniform throughout the structure. 

The application of stuecos to monolithic wails makes it possible to 
develop a great variety of architectural- effects. There has been some 
hesitancy on the part of architects to specify the application of stuccos 
or plaster on monolithic concrete walls. This method of treatment is 
followed extensively on the Pacific coast and has proved entirely satis- 
factory. It is recommended that one of the two procedures given below, 
be followed carefully for this same class of construction in the central and 
eastern part of the United States. 

A special material is now on the market, that may be applied to the 
exterior face of the form, that delays the hardening of the concrete against 
the form. After the forms are removed the surface of the concrete can be 
brushed to a depth of 3/16 in., thus exposing the aggregate and providing 
an excellent mechanical bond for the plaster. The wall is then scratched, 
browned and finished in the procedure recommended for such practice. The 
other method’ and the one that has proven successful on the west coast is 
to dash the surface after the concrete has hardened and dried out. The 
dashing covers approximately 60 per cent of the surface and provides an 
even suction throughout the face of the wall for the brown coat. This 
dash consists of a mortar mixed to a creamy consistency in the proportions 
of one part of cement to two parts of sand. It is thrown forcibly on the 
wall with a dash brush. Quite often this dashing is done in color and 
allowed to stand as the final finish for the structure. In other cases it 
serves as a bond coat upon which is applied either a two- or three-coat 
stucco. In three-coat stucco, broken ashlar or marked off stone effects 
can be produced that are very acceptable as finishes. The finish of the 
separate stones can be varied in color-tone so as to produce mottled effects. 
Several illustrations are shown of this completed work. 

Another method of applying finishes to monolithic walls is by using 
the cement gun. Scratch and brown coats can be built up and a finish 
coat in color applied by hand. Where mottled effects are desired, a brown 
coat in color may be shot on with the gun. Past experience in this method 
of application indicates that it is impossible to get an even color over a 
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structure where the finish coat is applied with the cement gun, due no 
doubt in a large measure to the variation in suction in the scratch coat 
under this method of application. The suction or amount of water ab- 
sorbed from a colored cement stucco mix controls the final color effects. 

A fourth method of finish consists in the application of specially pre- 
pared plaster or precast ornamentation. I have particular reference to 
the type of finish used on the Parthenon at Nashville, Tennessee. This 
finish is applied either under the same methods as plastering or by casting 
and applying to the surface of the wall, a facing composed of special 
colored aggregates. After placing this material the aggregates are exposed 
by a dilute muriatic acid wash. This method produces concrete that is 
very hard and durable and permits the carrying of the most minute details 
of moulds, columns, flutes and bas relief. 

The greatest advantage to be gained by the use of monolithic walls is 
the possibility of making the architectural decoration an integral part of 
the wall. By this method the contractor builds reverse plaster moulds 
into his wood forms at the proper place. These moulds are filled at the 
same time and with the same concrete as used in the balance of the 
structure. As a result when the walls are complete all of the architectural 
decoration is in place, thus saving the time of scaffling and the item of 
extra labor for setting stone. Do not confuse this method with precast 
trim. Perhaps the method should be called moulded decoration. After 
the forms have been removed the plaster moulds are left in place until the 
building is practically completed. This time interval permits the concrete 
to harden slowly, thus gaining its maximum strength. The moulds are 
then removed by breaking up or prying off, which operation completely 
destroys the plaster of paris in all undercuts. The time interval above re- 
ferred to also permits the concrete to gain sufficient strength so that the 
plaster moulds may be broken off without damaging the surface of the 
concrete. After the moulds are removed, the decoration is cleaned with wire 
brushes and colored if desired with thin cement dashes, oxides of iron or 
chemical stains. 

An interesting method of filling the forms in and about plaster moulds 
has been developed. Before the concreting operation starts, these moulds 
are covered with canvas to protect them from splash. After the concrete 
reaches a point that is well above the center of the mould, the canvas is 
withdrawn which permits the concrete to flow back against the mould at 
one time. This procedure gives the best results and prevents scaling or 
pock-marked surfaces. It is highly recommended and one that should be 
used whenever this method of decoration is employed. 

Concrete has another application in the treatment of buildings. In 
the past it has been the practice to plaster and decorate the lobbies, loung- ' 
ing rooms of hotels and clubs, interiors of theatres and elevator lobbies of 
large buildings. Many architects have realized the possibility of including 
the structural members of a building into the architectural or decorative 
scheme, In other words concrete beams and girders may be so designed 
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and built as to become an integral part of the decoration. In designing the 
ceiling of a lobby or lounging room in which the structural members are 
to be stained, it should be realized before the concrete is placed that the 
final effect will depend largely upon the quality of the surface on which 
the decoration is to be applied. These concrete surfaces should be free 
from blemishes and the forms should be erected rigid enough to support 
the loads imposed without swelling or buckling. Textures can be pro- 
duced in the surfaces by the use of undressed lumber for the forms or by 
means of specially prepared plaster moulds. 

Before applying stains and paints to the concrete, the surface must 
be neutralized to prevent saponification. After the concrete has dried for 
a period of six to eight weeks the surface should be treated with an appli- 
cation of zine sulphate. The next step is the application of a priming 
coat which practically fills the pores of the concrete and prevents the 
stain or oil of the paint, from penetrating too deeply. The priming coat 
consists of an application of a boiled linseed oil. If the concrete is very 
dense it may be necessary to add a small percentage of turpentine to the 
linseed oil in order to secure the proper amount of penetration. 

It is essential that the identity of the concrete be not lost by means 
of a paint film. In other words the texture or characteristic of concrete 
must predominate after the decoration has been completed. It is therefore 
suggested that the surface of the concrete be stained rather than painted. 
Stains consisting of a mixture of boiled linseed oil and chinawood oil 
thinned with turpentine or naphtha and colored with pigments will give a 
satisfactory surface and permanent stain effect. 

After the concrete has been primed and stained, it can be painted with 
any good oil paint used for stenciling decoration. By following these in- 
structions the most delicate colors may be used and not affected by the 
concrete. A further protection to the decoration is a starch surface which 
will protect and preserve the stenciled decoration. 

Stenciled designs on ancient walls and ceilings, sacred to the architect 
and artist, can be revived and placed in our modern building with an 
assurance that they will he economical and as permanent as the ancient 
examples from which they were drawn. Concrete has opened a new field 
of building decorations both interior and exterior. Modern processes of 
making concrete exercise no restraint upon the architect, but on the con- 
trary this material affords a greater freedom in design than any other 
material. 

A late issue of one of the leading architectural magazines carries an 
editorial on a new architecture that might well be quoted here. 


“America is standing on the threshold of a doorway opening to a new 
architecture. No moment in all the past has been so bursting with promise 
as the present. Our architects haye had more money to spend in new con- 
struction than the architects of any time or any land. Unlike any previous 
epoch, this money has been available not for the mere embellishment of 
buildings, not for the glorification of some wealthy patron of the arts, as in 
the high tide of the Renaissance in Italy, but rather than through efficient 
plan and construction the money spent might-earn more money, 
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“It is surprising that under these new and ever-changing demands the 
old formulas are being found inadequate? Twenty-five years ago we were 
asking, somewhat hopelessly: Are we ever going to develop an architectural 
style in America that will belong to it as the Gothic cathedral belonged to 
France of the Middle Ages, or as the Parthenon belonged to the Greece of 
the Golden Age? 

“We have but to look about us to see what the architectural style 
which we were unable consciously to create is here with us today. It is 
still a bit wobbly on its legs, not sure of itself, just entering into individual 
life, not fully satisfying us, but it is going forward.” 


Concrete might well serve as the basic material from which to build 
an American Architecture. It is a building material equal to any other 
building material known and far superior to most building materials now 
used. It has the enduring characteristics of stone, it can be moulded and 
fashioned, and late developments convince us that it can be finished with 
any color or texture desired. It can be carved, stained or painted as its 
use in the building may require. In other words, it is a universal build- 
ing material because it possesses the three properties required of a building 
material, i.e., structural strength, fireproof and weather resistant proper- 
ties and decorative possibilities. 


Mr. Bright. 
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JOHN Irwin BricgutT.—In commenting on Mr. Hart’s paper I will do se 
from the viewpoint of the architect, the one whose duty it is to select the 
best building materials under the varying circumstances of cost, strength 
and appearance. In these matters hig profession demands that his interest 
be general rather than special, while with equal propriety Mr. Hart’s chief 
concern is the economic and technical advancement of the cement industry. 

It is evident that our approaches to the problem of the advantageous 
use of cement, while equally correct, are, nevertheless, different and hence 
the conclusions reached by proponents of each method will necessarily be 
dissimilar. = 

The behaviorism of the architect can best be understood by a definition 
of the word. At its very root lie the inseparable ideas of artist, of chief 
artificer, master builder and workman. To men of this stamp we owe the 
Acropolis of Athens. Webster says that an architect is not only a designer 
but is also one skilled in the art of building. He must be equally interested 
in structure and asthetics. But throughout Mr. Hart’s paper the architect 
is described as one who applies ornament to a surface fashioned by others, 
and whose dearest wish is for a medium, which by reason of its inherent 
properties and its low cost will permit the use of decoration in hitherto 
undreamed quantities. 

It is quite true that the architect is often held to a budget too small 
to permit the ideal development of the scheme, in which case many things 
suffer, including the element of decoration. But the well-trained architect 
is not unduly worried about embellishment. He regards it as just one 
of those things which perforce must take its proper and unobtrusive rank 
in the welter of financial, structural and artistic claims. 

The architect, therefore, must be scientifically minded, attentive to the 
merits of every material, making his choice with a sole view to appropri- 
ateness in the structural, artistic and eonomic pattern. In other words, 
the selection between two or more building mediums depends upon their 
relative values always considered in the light of a specific problem. And 
the value of any material is always the balance between its virtues and 
defects. When concrete is adopted under these safeguards one may have 
a reasonable expectation of good results. 

Our technical knowledge of concrete is by no means final. There is 
still some uncertainty as to how it will react under different conditions 
of handling, mix and temperature. True it can be placed by unskilled 
labor and yet the greater the economic advantage from this source the 
more the risk in the technique of fabrication. We are in almost complete 
control over the physical influences surrounding the manufacture of steel 
and brick, and as an additional surety it is possible to scrutinize and test 
every last piece of metal and burnt clay before its incorporation in the 
structure, But with concrete it is different. During the brief hour of its forma- 
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tion almost any accident may befall it. It can be mechanically tested only 
as a constituent part of a completed edifice for the very good reason that 
prior to its integration in the building it did not exist. A few days after a 
soggy slush has been dumped in the mould it emerges hard, naked and 
unashamed. The die has been cast and it is then a matter of accepting it 
for better or for worse. All these are handicaps, no doubt, comparable to 
those which pursue us in our human relationships, but in my opinion they 
are not formidable enough to cause its rejection by a designer with a taste 
for adventure in his blood. However, there is little need for alarm, for if 
ordinary precautions are taken the risk of complete failure is almost non- 
existent and even the minor imperfections tend to become of less and less 
importance as our working experience broadens. The engineer is taking 
all the fun out of it. 

On the other hand, concrete has many unique merits in the fields of 
structure and appearance. If an advantageous and characteristic result 
can be obtained from its use then it is quite as immoral to substitute for 
it any other material as it is to subject fine, honest concrete to a debasing 
manipulation. Any attempt to use it imitatively is opening the door to 
artistic bankruptcy. Grinding, hammering or brushing the surface may be 
advisable under certain circumstances, but it must be remembered that 
arrises are easily damaged and that firmness of contour once lost is diffi- 
cult of recapture. The natural color of concrete cast in wood forms is 
extremely beautiful. Its very uneveness of tone and texture lends it charm, 
and any surface treatment destroys these tones and substitutes others 
with sometimes a loss of artistic effect. These few suggestions are not 
intended as a guide to practice. They are only a plea for simplicity and 
directness of thought. 

Mr. Hart is an enthusiastic advocate for concrete. While frankness 
compels me to state that I feel that some of his claims are lacking in, 
let us say, a factor of safety, I can at the same time deplore the hesitancy 
of architects to experiment with this alluring material and thus circum- 
scribe their artistic development and their usefulness to their clients. It 
has its limitations. Of this the Romans were well aware. Much of their 
concrete exists to this day, but it is generally of mass construction where 
stone masonry would have been uneconomic. In spite of the fact that we 
moderns have learned how to increase its tensile strength by the incorpora- 
tion of steel bars in its mass, its application is still restricted, and the 
denial of this fact serves no useful purpose. Such excess of zeal does posi- 
tive harm and retards the cause which it is intended to serve. 

Personally I love concrete, although it has not always been faithful 
and true to me. But its seeming treachery may have been a just retribution 
for my lack of skill and understanding rather than because of any inherent 
vice. My slight experience has convinced me beyond question of its great 
economic and artistic possibilities and that it is both desirable and proper 
that architects should be urged to seriously examine its potential value as 
a building material. 


Mr. Johnson. 
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VirciL L. JoHNSoN.—Mr. Hart has given us a very admirable paper. 
Many interesting arguments have been brought forth showing why concrete 
should be used throughout the entire structure. In fact, so numerous are 
the suggestions and arguments that one may be at a loss to know what 
system should be followed. Shall we have the surface exposed or shall we 
cover it up with stucco, plaster or paint? It exposed, shall we grind off 
the edges or leave it in the rough? Or shall we follow the more costly 
method and introduce colored aggregates, glass and precious stones? 

In place of trying to answer these questions, suppose we direct our 
attention for the moment to another phase of the subject, our main street 
which to a Philadelphian is none other than Chestnut St. This famous old 
street, extending from the Delaware River for a distance of approximately 
ten miles, is lined on both sides with block after block of buildings. Today, 
as of yore, the most beautiful and the most architectural of all is the group 
located at Sixth and Chestnut St., in the center of which stands Inde- 
pendence Hall, the noblest and the best example of American Colonial 
architecture. As we linger to admire and to analyze this most wonderful 
group of buildings we are confronted with this pertinent question. After 
all, what is architecture? Is it something tangible to be obtained by a 
formula or is it acquired through a supernatural process of thought or 
reasoning? 

Mr. Hart has very wisely suggested that architecture is one of the 
principal problems to be considered in the use of concrete for the exterior 
of a building, for he has frankly stated that “architectural design must be 
one that is characteristic of the material.” 

Now let us approach the subject of architectural design through the 
following method of reasoning. Some one has defined art as a beautiful 
thought, made visible to us through architecture, painting, sculpture, etc., 
or to make it shorter, it is the visible expression of a beautiful thought. 
This being so, then the idea or thought when expressed in the form of a 
building becomes architecture. 

In the old State House, the designer, Andrew Hamilton, has expressed 
the thought of a seat of government of a prosperous British colony, and 
later it becomes the birthplace of a democracy and a new nation. Inde- 
pendence Hall has been brought to your attention as an outstanding ex- 
ample of a beautiful thought made visible to us through architecture. By 
its location and historical associations it has so impressed itself upon the 
American people that its expression is almost audible. 

In the design of a building the architect must consider the site or 
location, its size, mass, proportion, heights, widths, sizes of openings and 
the relation of the openings to wall surface. Above everything else the 
building must express its purpose. The wall surfaces are properly con- 
sidered, but they too must necessarily assist in the complete expression 
of the designer’s thought. 

This visible expression by means of any structure other than a build- 
ing is plausible and in like manner becomes art either good or bad, depend- 
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ing completely on the designer’s ability. Thus the engineer has the same 
opportunity as the architect in making his structure, express a thought; 
he can also make it beautiful and attractive providing he ean properly 
express the idea. And, as a splendid example of a well-designed engineer- 
ing structure, the Walnut Lane Bridge, over the Wissahickon Creek, is un- 
surpassed. For many years as you know it was the longest single span con- 
crete arch in the world. The grandeur and the impression which this 
masterpiece of engineering creates in the mind of the poet has best been 
expressed by the words of Christopher Morley which deserves to be quoted: 
“Leaping high in the air from the very domes of the trees, curving in a 
sheer smooth superb span that catches the last western light in its con- 
crete flanks, it flashes across the darkened valley as nobly as an old Roman 
viaduct of southern France.” This bridge may truly be called a work of 
art because it fully expresses a thought and its purpose, that of a great 
viaduct. 

If this be a digression, it may serve to show what an architect or an 
engineer can do to express a thought in the form of a structure. In doing 
this, we hope to answer Mr. Hart’s question, “Why do not architects use 
more concrete on the outside of their buildings?” We believe that archi- 
tects in genera! will employ a concrete surface when and where they find 
that they can use it as a means of expressing the purpose of the building 
and the thought of the architect. Furthermore, they will probably over- 
look the cracks, crazing and other characteristics of concrete providing it is 
in keeping with the general design of the building. 

When the concrete foreman, the engineer and the contractor co-operate 
and produce a poured-in-place concrete with a dependable surface which 
can withstand the elements of the North Atlantic coast, not one year, but 
for five or more years and still be attractive, then and not only then will 
the architects feel free to adopt its use. The architect in seeking material 
for his building likes to use that which if condemned, may be taken 
out and rebuilt to satisfaction. It is next to impossible to make a con- 
tractor remove a portion of a concrete wall which shows the ordinary 
defects and characteristics of a poured-in-place concrete such as air pockets, 
crazing, exposed reinforcing rods and honeycombing. There is no use 
deceiving yourself into thinking that you are going to get a 100 per cent 
perfect surface when you are in such a position that you are expected to 
accept the lowest bidder. 

On the average, it takes one to two years to educate some contractors 
to get 2000-lb. concrete and we feel sure that it would take five years to 
produce the kind of surface that an architect would tolerate. 

On the other hand, if the architect had the privilege of choosing his 
contractor he might get the desired surface every time. One of the great 
drawbacks to the architect using concrete is the necessity of constant super- 
vision which must be given throughout its placing and curing. Because 
of this constant supervision the architect becomes a craftsman or a manu- 
facturer as well as the architect. This argument proves conclusively that 
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in order to carry out the wishes of the architect, there must be more and 
more trained concrete foremen. Foremen that will give ideal concrete 
rather than those who are trying to save money for the boss. 

Mr. Hart has very wisely stated that ‘Designs to be done in concrete 
should not be the same as those of brick, stone or marble.” It is quite 
impossible to think of a concrete surface embellished with the delicate 
carving of the Italian, or French Renaissance or even the Gothic style. 
You will notice that the architect is obliged not only to satisfy his client 
but he must meet the criticism of the public; thus he selects his material 
with caution. | 

Mr. Hart goes into the details of the monolithic walls even to the 
reinforcing but does not state how to eliminate the condensation on the 
inner surface of the wall. His paper has pointed out the splendid advan- 
tages of rigidity that the concrete exterior wall gives to a building. This 
is a quality that should be emphasized, for a building with such walls 
presents an ideal protection not only against fire, but against the elements 
such as windstorms, tornadoes and earthquakes. 

It is possible in the future as a new style of architecture is developed 
that concrete will be extremely useful to the architect in the expression 
of his art. 

E. S. Powers.—The ordinary method of placing ties that will show 
rust spots on the surface, I think will be objectionable. We have used 
spools, but that is so expensive in most of the work that I was wondering 
if there was any other method being developed? We usually allow 2 in., 
but it has been found insufficient. 

W. E. Harr.—Wherever it is possible to brace on the outside, that is 
done. Otherwise they may use the wires through the forms or in some 
cases a form spacer. The latter is a piece of pipe on which the outside lags 
unscrew so that it may be filled with the mortar from a regular batch, 
giving practically the same color and texture. 

E. G. Perror.—I was very much interested in the question that was 
raised about the difficulty of keeping the iron reinforcement from getting 
too close to the surface and thereby causing rust. I would like to know 
just what they are doing in the West to obviate this particular difficulty. 
We do not seem to have such artisans here in the East as they have in 
the West to make satisfactory forms. In fact, we have abandoned building 
concrete walls because we can build the veneer of brick or stone much more 
satisfactorily and eliminate the danger of having the concrete disintegrate 
due to the rusting of the reinforcement. 

K. 8. Powers.—In erecting a factory building, the scarcity of building 
material caused us to do just what has been recommended here—make a 
building of exposed concrete. One of the problems involved was the support 
of about four floors on a 63-ft. girder. We could not get any steel nor 
could we get reinforcing bars that were as long as the girders. We decided 
to take a chance and build the girder as a rectangular beam, 12 ft. deep 
and 4 ft. wide. I have observed in the last few years the appearance of 
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rust on the face of that important girder. We used all the skill we had 
at our disposal at that time in placing both the concrete and the reinforce- 
ment, but it is now being revealed that there is trouble brewing. I am in 
sympathy with the movement to use concrete in walls, but such examples 
as this are deterring myself and a good many others from recommending 
it to our clients. 

NarHan C. JoHnson.—-There is a great deal of surface rusting of re- 
inforcement visible. I attribute this largely to two major causes. The 
first one is the wrong conception of concrete as needing such an awful lot 
of steel for alleged temperature or shrinkage or something else, so that in 
a narrow wall, say 12 in. thick, 2 rows of steel rather close to the surface 
are quite commonly required, whereas one row at the center would be 
entirely sufficient except for bending. In fact, the less steel you have, 
within a certain range, the better off you are. 

The second cause lies in the so-called “practical”? procedures wherein 
and whereby men do not brace their steel, but lay it up against the forms, 
and then as the concrete rises, take their shovels and pry it back, thus 
permitting a little “gravey” to run around on the outside. Then, when 
the forms are stripped, of course the steel is hidden, but as I will endeavor 
to show you when I speak a day or so hence, the concrete is so permeable, 
even the best of it, that it is very responsive to atmospheric tides. By 
that I mean that in a moist day, there is a very pronounced taking up of 
water, and in a dry day there is a giving off of water, and of course, 
while that water is resident in there, it can do its damaging work on the 
steel. 

Another thing that causes trouble is that it is quite customary and 
“practical,” to use that much abused word, to put in steel that is badly 
rusted. If you should get that rust off, you would find that it was very 
deep. Rust is a kind of cancerous affair andwill go deeper, once it has an 
origin. It is very interesting to see it. Some day I hope I may show you 
some of the motion pictures taken of steel rusting; it is very much like 
the blooming of a flower. 

Those three reasons account for a great deal of the surface disfigura- 
tion referred to in this paper. 

W. A. SLATER.—I certainly believe that we do not want to use more 
steel in a concrete beam than necessary, but some large beams demand 
a great deal. There are some instances that have shown that steel can be 
placed in concrete and be prevented from severe corrosion, even under severe 
conditions. I had the privilege of looking at one of the concrete ships 
built 7 or 8 years ago. The shells of the concrete ships were 4 to 5 in. 
thick and there was a great deal of reinforcement in them, never more 
than half an inch from the surface. As I examined the concrete ship just 
above the water level, there was very little evidence that there had been 
corrosion of any importance. Of course a rich concrete had been used, and 
this may be one of the necessities to combat corrosion in places where it 
is very important that it should be prevented. 
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W. K. Harr.—The important thing I tried to point out in this paper 
is that, to begin with, it is essential that you have a concrete that will 
resist the weather. I would say that at least 90 per cent of the difficulty 
with rusting of bars is due to our old time mixes. If you would analyze 
thosé mixes on the basis of dry materials, you will find that instead of 
having a 1: 2: 4, you have a 1: 1%: 4. In other words, you have a harsh 
mix that will hardly resist the weather. My recommendation is 6 to 6% 
gal. of water where the concrete is exposed to weathering conditions. By 
this means it is entirely feasible and possible to prevent rusting in bars 
1 in. under the surface. The practice on the West Coast on 6-in. filler walls 
is to use ¥%-in. bars on 12-in. centers in the center of the wall. As a gen- 
eral rule the reinforcement is put in the center of the wall. 

P. W. Price.—For the surfaces that are left just as they come from 
the form, are any precautions taken in regard to horizontal contraction 
joints? % 

W. E. Harr.—The practice generally is to use 2x4 in. studs varying 
in length from 14 to 20 ft., erected in a staggered relationship. Form 
boards are then layed on the inside of the studs, thus making the forms 
continuous. This method eliminates longitudinal joints in the forms 
when necessary to stop placing concrete. It is either at the floor level or 
under the window-sill line. 

F. E. Greseckr.—I think the concrete has very much to do with the 
rusting and non-rusting of steel. We built a tank with walls 4 in. thick, 
and it had to be broken up. In breaking it up we exposed the steel and 
it was perfectly bright after several years’ use. 


A MerHop ror Prepictina Concrete STRENGTHS WITH 
INCREASED PRECISION. 


By Herpert J. GirKey.* 


INTRODUCTION. 


While great progress has been made in the pre-determination of con- 
crete strengths, even the most optimistic friend of concrete must concede, 
in his sober moments, that our very carefully aimed shots are still prone 
to fall rather wide of the mark. In the majority of cases, the great 
achievement thus far has been the fairly certain setting of a minimum 
strength for the concrete to be used in our structures. We have felt satis- 
fied, or even pleased, if the job samples proved to be 20, 50, or even 100 per 
cent stronger than the pre-selected strength for which the mixture was 
designed. This is a very natural feeling but it is more that of the layman 
than of the engineer, whose function it is to build safely upon the one 
hand and economically upon the other. 

Viewed dispassionately, if 2,000 lb. concrete has been selected as the 
needed mixture, 1,000 Ib. concrete is a hazard and 3,000 lb. concrete an 
extravagance. 

Without regard to whether the basic law, by which the strength of 
concrete mixtures can be predicted, has been found, or whether or not any 
such law will ever be found, the present paper purposes to show how essen- 
tially the same result can be obtained by using more efficiently the facts 
which are already at our disposal. No existing theory of proportioning 
concrete is to be attacked and no new theory is to be proposed. Neverthe- 
less a slight change in the technique of application, of whatever theory we 
have been accustomed to use, will serve in most cases to lower the spread 
between the expected strength and that obtained from disconcerting values 
often exceeding 100 per cent, under-even the most favorable conditions, to 
a nominal figure comparable with the most uniform of structural] materials. 

Moreover there has been a growing feeling, on the part of the practical 
man, that the language of concrete quality and strengths has little of 
meaning for him.1? What does 2,000 lb. concrete moist cured for 28 days 
at 70 deg. F. mean in terms of the pavement or the building, subject to any 
temperature (above freezing, let us hope) and which may be artificially 
moistened for from zero to fourteen days? Moreover in service it may be 
in almost any state of semi-dryness. 


*Agsociate Professor of Civil Engineering, University of Colorado. 
1A. R. Lord, Proceedings, A. C. I., 1927, pp. 487-8. 
2P, H. Bates, Proceedings, A. C. I., 1927, pp. 488. 
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It is easy to understand the lack of respect, sometimes bordering upon 
scorn, which the practical man has for much that emanates from the labo- 
ratory. One can appreciate his occasional insistence upon “job control’? 
rather than “quality control’® specimens. The quality control specimen is 
taken from the job concrete but is cured and tested in a laboratory under 
controlled standard conditions. It is intended to be a check upon the 
quality of the concrete as it left the mixer but reflects nothing of the subse- 
quent history. The job control is presumably stored and cured with the 
structure and represents the actual strength of concrete in the structure 
at the time of test. Both sets of information are very desirable but the 
job control is particularly appealing. The drawback to the job control 
specimen lies in the fact that it rarely even approximates the concrete of 
the job. Adequate job control is usually very difficult to attain and test 
results purporting to be indications of actual strength or quality are likely 
to be very misleading. Due to differences in size, surface-volume relation, 
exposure to drafts, curing moisture, differences in retention of the chemical 
heat of setting, form protection, etc., the moisture and temperature status 
of the job control specimen is likely to differ greatly from the nearby 
concrete that it supposedly duplicates. Thus when unusual facilities are 
not available for attaining good job control, it is probably the part of 
wisdom to concentrate any extra effort on better quality control specimens. 
Quality control should always be the major type of specimen. If adequate 
facilities are available, auxiliary job control specimens are much to be 
desired. At present it is only the unusual project that can hope to have a 
good and adequate job control record. It is therefore highly desirable that 
there be some means of making the quality control specimens tell some- 
thing about the probable job strengths. To point out a rational approach 
to this problem is one of the purposes of this paper. 

There is much that we don’t know about concrete, and much more that 
we know but imperfectly or in part. In like manner much that we think 
we know is doubtless misinformation that soon we shall be endeavoring to 
unlearn (which is always much harder than learning ). 

In attempting to put in shape for current use some of the imperfect 
information that has thus far beer left more or less upon a high shelf, 
the writer is fully aware that he is offering material much of which is 
half-baked and some of which is probably fallacious. The writer has no 
illusions upon this point. He does feel that these incomplete tid-bits of 
knowledge should be placed in service, even though there must of necessity 
be subsequent retractions and modifications. 

So far only occasionally has it been attempted to cantilever from the 
known to the unknown in concrete strength prediction. We have, for the 
most part thought in terms of one variable and almost never has any 
analysis been attempted simultaneously for more than two. Many will feel, 
and rightly so, that we have no adequate experimental background for 
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attempting it now. Nevertheless, the directing of thought and development 
of a method is not premature, and imperfect constants, or too sweeping 
generalizations, will give more precision than is now obtained by ignoring 
all’factors that we do not feel to be entirely or satisfyingly mastered. It 
is the purpose to try to bridge the gap from the known strength of one 
mixture (from given cement and aggregate) for a given curing tempera- 
ture, water-cement ratio, period of moist curing and time of mixing, to a 
reasonable approximation of the strength of a similar mixture for different 
water-cement ratio, curing temperature, curing age, and time of mixing. 

The treatment will consist of: 

1. Presentation of the Problem including a partial analysis of certain 
of the leading factors bearing upon the strength and quality of concrete. 

2. The Heplanation of the Method. 

3. Tables of Factors and Their Use. 

4. Haplanation of the Figures, followed by a Summary and Acknowl- 
edgments. 


1. PRESENTATION OF THE PROBLEM. 


The quality of concrete, regardless of what particular test may be used 
as its measure, is influenced by many factors that may be more or less 
arbitrarily classified as major and minor. 


Major factors are: 

a) The cement 

b) Ratio of mixing water to the cement. 

c) Ratio of voids to the cement. 

d) Effective age, i.e., period of moist curing. 
e) Curing temperature. 


Minor factors: 
(f{) Kind, quantity and grading of aggregates. 
(g) Time of mixing. 

(h) Incidental factors and personal equation. 


Factors (f), (g) and (h) can only be considered minor within the range 
of usual accepted practice. Extreme deviation from usual materials, grad- 
ing, mixing or procedure would elevate any one of them to major 
importance. 

(a) At present the cement is probably the most important of all the 
usual factors. The products of different mills vary greatly even though 
all pass the standard tests for portland cement. The report of Com- 
mittee C-1 (Cement) of the American Society for Testing Materials on the 
co-operative tests on 32 different cements, conducted by 52 laboratories will 
doubtless show that the cement itself may double or halve the strength of 
mortars or concretes in many instances. This is but the writer’s prediction 
based upon observations in his own laboratory. Not only do different 
standard cements vary greatly, but the product of the same mill may 
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fluctuate widely at times." The same cement varies greatly with age and 
the extent and rate of variation is much influenced by the kind of storage. 

(b) The significance of the water-cement ratio needs no comment. 
(See Tables 2 and 3.) Its importance cannot be overestimated but the 
prominence given to it during the past ten years has had a tendency to 
make us overlook or underrate other important factors. 

(c) The voids-cement ratio* is closely allied to water-cement ratio 
due to the important part that water plays in influencing the voids of the 
mortar or the concrete. The details or relative merits of the two ratios 
need not be here considered. For the. present purposes they may be con- 
sidered as alternate methods for designing concrete mixtures of pre-deter- 
mined strength. 

(d) Effective age or period of moist curing‘ bears a most important 
relationship to the quality of the concrete. (See Table 4.) In the dry 
state concrete is practically dormant so far as increase in strength is con- 
cerned. Apparent contradiction of this * is often observed in concrete that 
gradually increases in strength when exposed to the air for long periods. 
This may be explained on the basis of a slowly continuing hydration by 
the extraction of moisture from the air. It is probable that the phe- 
nomenon would not appear in very dry air. 

It has also been observed by some® that moist cured concrete seems to 
retrogress in strength after long periods of exposure to relatively dry air. 

This may possibly be explained on the basis of a slow loss of water of 
crystallization under long exposure. This belief would seem to be sup- 
ported by the fact that even relatively low heating temperatures cause 
falling off of strength.’ Concrete, however cured, is stronger in the air-dry 


*Conerete (Cement Mill Ed.) Aug., 1927, p. 36 (R. T. Giles) ; Concrete 
(Cement Mill Ed.) July, 1927, p. 42 (Bureau of Standards). 

2 Portland Cement Association, Lewis Institute, Bulletin No. 6. 

8See Bulletin 137, University of Dlinois Engineering Experiment Station 
(Talbot and Richart), for exposition of Voids-Cement Ratio. 

* Proceedings, A, C. I., 1926, pp. 395-436 ; Proceedings, A. S. C. E., Jan., 1927, 
pp. 79-93; Transactions, A. S. C. E., Vol. 91 (1927), pp. 153-167; Bulletin No. 
2, Portland Cement Association, Lewis Institute (1919). 

°P. H. Bates, “Longtime Tests of High Magnesia Portland Cements,’’ Pro- 
ceedings, A. S. T. M., 1927. 

°p. J. Freeman, Hngineering News-Record, Dee. 1, 1927, pp. 879-880. Free- 
man’s data seem to indicate some factor beyond extraction of moisture from 
the air and mere drying since specimens removed from moist storage at 35 days 
made very substantial gains in strength up to the age of one year. It seems 
probable that the 60-day tests would have included all the drying increment of 
strength and that there would be no increase thereafter unless the air were very, 
moist. There was, however, decided increase, more than moisture extraction 
from the air would seem adequately to explain. The very slow retrogression 
after one year agrees with Bates’ experience and can be explained, perhaps, on 
the basis of partial dehydration, as mentioned above. The gain in strength 
upon placing out-of-doors is easily explainable on the basis of resumed euring. 
Rain, snow, fog, dew and any other form of moisture or high humidity would 
accomplish much added curing over a period of years. At such a location as 
Pittsburgh warmth and humidity might even explain the indoor strength gain 
up to one year but there is no apparent reason for this rather heavy gain, and 
succeeding smaller loss, without any apparent change in curing environment. 
This is a point that will bear investigation and that may necessitate some 
modification of statements made in this paper and elsewhere regarding certain 
phases of the curing process. So far as essential accuracy, for the purpose in 
hand, a AREA tei et may be accepted as correct. ieee 

ulletin No. , University of Washington Engineering Experiment Station . 
(A. L. Miller and H. F. Faulkner). . 3 2 Hen 
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state than in the wet state. By air-dry state is meant air dried to approxi- 
mately constant weight which condition can be attained at most places in 
from one to three weeks exposure to the air, dependent upon the volume- 
surface relation of the concrete mass, dryness and temperature of the air 
in question, and whether it be still air or in circulation. Forced, or oven, 
drying at even low temperatures weakens the concrete as much or more 
than the mechanical hardening due to drying strengthens it.’ The extra 
strength resulting from air drying can be superimposed upon that due to 
hydration, or curing, but is independent of the quality of the concrete and 
should not be confused with it. Subsequent soaking for a few hours or a 
day causes any given concrete to revert to the strength that it had in the 
wet condition. Thus strength gained from hydration is a proper criterion 
of quality but that from drying is but a temporary acquisition to be lost 
in case the concrete again becomes wet. It is independent of concrete 
quality. The point to be noted in the present connection is that the age 
of the concrete alone is not allied to quality (since quality gain is at or 
near a standstill in dry concrete) but that the age over which the concrete 
has had moisture available for hydration bears an important relationship 
to quality and most test results show that concrete will gain strength 
(and quality) at a diminishing rate for an indefinite period if moisture 
for continued hydration be available. 

(e) The curing temperature is in importance on a par with moisture 
for hydration. In the vicinity of freezing, strength gain is slow (see 
Table 5), while the rate of quality gain with age increases steadily with 
curing temperature within any natural range. It must be remembered, of 
course, that no amount of favorable curing temperature will aid hydration 
in the absence of moisture. Both must be simultaneously present. 

(f) Kind, quantity and grading of aggregates, is (within the range of 
usual aggregates and workable mixtures), in debatable territory as regards 
effect upon strength or quality of the concrete.* All will concede its impor- 
tance as regards economy. The writer is inclined to classify (f) as one of 
the most important of the so-called minor factors. The correct status is 
not vital to the present treatment and (f) may be included or excluded as 
desired. 

(g) Time of mixing is more important in its relation to early 
strength or wear, homogeneity, watertightness and workability than it is 
to the strength at later ages.’ Table 1 gives an indication of the range to 


8 Proceedings, A. C. I., 1927, pp. 363-414. 

® The apparent fact that extra mixing affects early strengths more than later 
ones may be explained, perhaps, by some such reasoning as follows: The con- 
tinued agitation in the presence of moisture may increase the rate of hydration 
by facilitating the penetration of the water into the interior of the cement par- 
ticles. This could apply especially to the larger particles for which penetration 
would normally be very low. In case there is a softening of the surface, as 
hydration proceeds inward, as some claim, the softened exterior might be 
abraided in the mixing and fresh cement substance exposed to contact with the 
moisture. This might be either the main cause or a contributing one, with 
others. In any event it is purely speculative and not to be rated as more than 
an unchecked idea, the expression of which is justified only because it might be 
suggestive to some qualified investigator. 
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be expected. The tests from which these data are derived were performed 
in 1918 or earlier and there has, of course, been considerable development 
in mixing equipment and methods. Since time, and not speed of mixing, 
seemed to be the important factor it is not likely that the status has béen 
greatly influenced by the evolution of mixing machinery. From the data 
available the following summary should define sound conservative practice 
with due regard to the element of economy: 

(1) Never mix less than one full minute after all ingredients are in 
the mixer. 

(2) When extra quality concrete is desired but early strengths (7 
days or under) are not of prime importance a two-minute mix is justified. 

(3) If high early strength is important, mix for five minutes. This 
may increase the early strengths 50 per cent or more and will slightly 
improve the quality of the concrete at ages of 28 days and greater. 

(4) Mixing beyond five minutes is justified only when it is desired to 
gain the last possible increment of early strength. Probably measurable 
gain would rarely if ever result from mixing for more than ten minutes. 

The above summary and the data of Table 1 are based upon the Port- 
land Cement Association published data on the subject.%? Recently the 
Bureau of Public Roads has been collecting evidence upon the subject in 
connection with extensive field tests under the dirction of Mr. J. L. 
Harrison. 

(h) Incidental factors and personal equation. Under this heading 
come such items as thoroughness of placing, segregation, water gain,™ ete. 

The foregoing eight factors (a-h incl.) may be divided into two classi- 
fications that might be termed: (1) Systematic factors, or those that bear 
a more or less well-defined or orderly relationship to strength or quality of 
the concrete; (2) chance factors, or ones which at present, at least, are 
haphazard or happen-so as regards effect upon concrete quality. They may 
be important but nature and extent of effects are difficult to anticipate. 


(1) Systematic Factors 


b) Ratio of mixing water to cement. 

c) Ratio of voids to cement. 

d) Effective age or period of moist curing. 
e) Curing temperature. 

g) Time of mixing. 


(2) Chance Factors 


(a) The cement. 
(f) Kind, quantity and grading of aggregates. 
(h) Incidental factors and personal equation. 


0 “Tiffect of Time of Mixing on the Strength of Concrete.” Proceedings 
A. C. IL, 1918, and Canadian Engineer, Aug. 1 and 8, 1918; “Design and Control 
of Concrete Mixtures.” Portland Cement Association, Jan., 1927, fig, 2;>p. 16. 
Also given in earlier edition and Concrete Data for Engineers and Architects. 
Bull. 10 (1921), p. 20, Port. Cem. Assoc.-Lewis Inst. : 

“ Water Gain and Allied Phenomena, Engineering News-Record, Feb. 10, 1927. 
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Everyone of the systematic factors can be plotted against strength 
(as a measure of quality) and a definite relationship established for any 
particular mixture or range of conditions. This has been very thoroughly 
done for (b) and (c) and much less comprehensively for (d), (e) and (g). 

In general none of the chance factors will respond to plotted or ana- 
lytical treatment as regards relationship to strength or quality. Certain 
elements of (f) (as size, fineness modulus, quantity, etc.) could be con- 
ceivably so handled but since there is not as yet agreement on these points, 
factor (f) will best remain in the chance list for those who do not prefer 
to exclude it altogether. By limiting the range of an’ investigation, or 
project to one cement, a constant aggregate and uniform manipulation, one 
can control the influence of chance factors upon the resulting quality, or 
by varying but one of them the effect within the range of variation can be 
investigated and perhaps evaluated. 

The cases in which the chance factors can be so limited are always 
restricted and special. In the general case the effect of these factors will 
always be present as a disturbing influence of magnitude and importance. 
Thus, to refer to the systematic factor of which we know the most and 
which will therefore serve best as a common denominator of expression, 
the ratio of mixing water to cement, we note that: 

1. Different laboratories have obtained widely different equations or 
curves expressing the relationship between compressive strength and water- 
cement ratio. Fig. 1 (A, B and E) show maximum spreads of 1,755 lb. per 
sq. in. and 113 per cent strength range at given water-cement ratios. The 
percentages are in terms of the strengths given by the Abrams upper curve 

14,000 


7x 

2. The same laboratory will derive widely different w/c curves in 
different series of tests. Data from the outstanding concrete laboratory 
of the country, the Portland Cement Association’s published results, are 
especially interesting in this connection (Fig. 6, A, B and E). On the 
basis of the several curves that are plotted, representing large numbers of 
tests extending over a period of about ten years the spreads reach maxi- 
mum values of 2,290 lb. per sq. in. and 108.2 per cent of the Abrams upper 
curve respectively. On the other hand if only the Am. Soe. C, E. series of 
about 1925 be considered the maximum spreads are found to be 1,610 Ib. 
per sq. in. and 80.9 per cent. Excluding the very low minimum value at 
7.5 gal. per bag and using the next lowest value as the minimum these 
become 1,190 lb. per sq. in. and 52.2 per cent respectively. It is to be 
assumed that cement, kind of aggregate, and manipulation were held con- 
stant in addition to all the factors designated as “systematic.” Proportions 
and grading of aggregate were varied since the purpose of the Am. Soc. 
C. BE. series was to demonstrate the adequacy of the water-cement-strength 
relation, i.e., to prove that variations in quantity and grading of aggre- 
gates are negligible in strength effect for workable mixtures. Whether or 
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not this has been satisfactorily proved will depend upon the individual’s 
interpretation of the evidence presented. The writer, for example, cannct 
feel that the utopia of attainment has been reached while the spread is 
still as high as 1,610 or 1,190 Ib. per sq. in. and 80.9 or 52.2 per cent 
respectively, based upon Abrams’ upper curve or 57.1 and 36.5 per cent 
based upon the average strengths for the Am. Soc. ©. E. series (a fairer 
basis for the comparison that applies only to that series). It should be 
remembered that each maximum and minimum value is already an average 
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from five specimens carefully made and tested on different days. Even the 
abnormally low point at water content of 7.5 gal. per bag can hardly be 
considered in the light of one individually erratic result, for it too is the 
average of five separate tests. It would be interesting to see the curves for 
the individually plotted specimens. Even after obviously erratic specimens 
were excluded there is no question about the greatly increased spread that 
would be present. It is stated that no allowance for the effect of absorp- 
tion upon the water-cement ratio was made. The possible influence of this 
factor is not only small in comparison with the spread but there is no 
apparent indication that an absorption correction would consistently 
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diminish the spread. It would increase it in some cases and lessen it in 
others. 

The'remaining figures emphasize the same point on the basis of evi- 
dence from other representative sources. 
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The purpose of the foregoing discussion is to clarify present status. 
What is true regarding the limitations of water-cement ratio for actual 
strength prediction, is doubtless true for each of the other Systematic 
Factors. In attempting to make general application of any of them, the 
Chance Factors will always be present as disturbing elements. Talbot” 


122 Proceedings, A. C. I., 1927, p. 406. 
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emphasizes their importance. The great divergence of rate of strength 
gain with the period of moist storage is evidence of the same. Experi- 
ments on the effect of temperature on strength gain are so meager” that 
neither the systematic relation nor the limits of the chance factor effects 
are adequately known. 


2. THE MrerHop EXPLAINED, 


In what is to follow, it is understood that the desire is to predict or 
anticipate, with the greatest possible certainty, either: 

(a) The general quality of the concrete, or 

(b) Some specific property needed for the work at hand. 

Any appropriate property might be measured as an index to either 
general quality or specific property. The commonest one in the past has 
been the compressive ultimate strength but it need not be. Flexural 
strength, surface hardness, tensile strength, watertightness, etc., might be 
selected as an appropriate quality or property index. To avoid repetition 
the term strength will be used to indicate whatever property might be 
meant. 

From the store of accumulated experimental data there have been 
derived various curves or equations expressing the relationship between 
strength and (a) water-cement ratio, (b) voids-cement ratio, (c) period 
of moist curing, (d) curing temperatures or (e) time of mixing. 

As has been mentioned such relationships have been established with 
varying degrees of thoroughness. If any of these relationships has been 
found to be reasonably absolute and invariable over a sufficiently wide 
range of mixtures, cements, and incidental factors (as has sometimes 
been claimed for some of them) no further manipulation need be under- 
taken than to consult the established and accepted strength curve for that 
particular systematic factor. Frequently the curves will be found to agree 
with one another quite well in general trend but will differ considerably 
in the actual strength values indicated for given conditions. It is to this 
situation that the present treament applies, i.e., to relations not identical 
but reasonably parallel. 

Supposing the strengths to be plotted vertically, then if the curves for 
a given factor be moved upward or downward until any desired pair of 
points is in contact, the agreement is perfect at that point and the diver- 
gence to the right or left of the contact point is solely a function of the 
non-parallelism that may. be present. If the relationships were perfectly 
parallel, the curves would, of course, coincide. 

Select a curve which is deemed, for example, to be representative of 
the shape or form of the Strength vs. Age relationship. Compute the 


#3 Practically all quoted evidence on this subject comes from the experiments 
of A, B. McDaniel, Bulletin 81, University of Illinois Engineering Experiment 
Station. These tests were performed in 1914-5. In the light of the great 
changes in materials and technique since that time there is no more urgent 
need in the realm of concrete than an adequate investigation of curing ys. 
temperature, 
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ordinates as percentages or ratios of the ordinate at 28 days, 3 months, 
5 years or any other desired basic age. With this established standard 
curve or table as a basis, the probable strength at any age of moist curing 
(other factors constant) can be predicted from the results of tests on 
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specimens from the cement, materials, etc., tested at a single age. The 
error present will be that due to lack of parallelism between the actual and 
assumed relationships. In the case of some factors (one of which may be 
the age factor) there is no one curve, whose shape is near enough to all, 
to permit of any great accuracy in the prediction but the prediction on the 
basis of ratios or percentages will, in general, be more accurate than a 
similar one on the basis of actual strengths. The portion of the spread due 
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Foblished PCA. Tests from the following sources :- 

dune 1927 PCA. Leafler “T-I16-60M-6-27-9" also “Concrete” Aug. /927 p.3/. 

2. AS.CE. Max.) Trans. ASCE, Vol 9/ (1927) Table | p.557 : 

3. e Ay. Journal Western Soc. Engrs. Jan. 1927 p. 30. 

4" Min.) Eng'rg News Frecord Mar /7/%27 p. 445. 
Each plotted point on the Max. & Min curves (2) &(4) represents 5 fests on 
different days. Each point on curve 3 (Av) represents mean for 6 to IT 
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Cement, hind and grading of aggr., constant Froportions varied- (PCA. Series 186) 
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Curves /-6 incl represent recent tests. 

Note. Curve 4 of © was computed on the basis of 2320 (next to lowest fabylar 
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to the vertical displacement of the curves has been eliminated and only 


that due to lack of parallelism remains. 


The Strength vs. Water-Cement ratio is the one relation upon which 
adequate data are available for giving the system a fair workout. 
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Proportions by weight. All specimens @ by Ain. cyl. 

(For others of same series see Fig. 5). Dotted portions 
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For that reason and also because the purpose of the present paper is 
to expound a method rather than to exhaustively apply it, the Strength vs. 
Water-Cement ratio has been selected for illustrative treatment and all 


graphical matter shown applies to it. 


Identical treatment can be accorded 
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each of the other four factors listed as systematic. There are some data 
available for such treatment in each instance (see Tables 1-5 incl.) but the 
factors will doubtless require considerable modification from time to time 
as more complete evidence is accumulated. Moreover there remains much 
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Lean mixtures covering @ wide range of Fineness Modulus, (R.A.Ne/son, 
Appendix I Report of Comm. C4. A.S.T.M. Proc. 1927. Table /), Illustrating a 
variety of gradings that give WC curves so far from parallel that the 
recommended treatnient fails fo improve the agreement for any considerable 
WIC range. Only the portions of the W/C curves lying to the right of max- 
imum strength (1¢. the workable range) are plotted. For others of the same 
series, see Fig. 4. 
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uncertainty as to whether any usable degree of parallelism exists for such 
factors as Strength vs. Age, Curing Temperature and Time of Mixing. The 
factors of Tables 1, 4 and 5 (although probably representative of the best 
ones available), are essentially unchecked in that their general applica- 
bility and probable spreads are not established. Judging from the great 
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variability in rate of strength gain with age of moist curing that was 
indicated by the Colorado results of the co-operative tests on thirty-two 
brands of cement by fifty-two laboratories“ the prospect of finding a good 
average Strength vs. Age Curve appears to be remote. In spite of the 
above mentioned discouraging evidence, the ratios of Table 4 do seem to 
apply rather well to a wide range of usual mixtures. 

There is no question about close parallelism of the different water- 
cement ratio curves, and the virtue of the method over most of its range 
(Fig. 1-6). The advantages are not great for very weak mixtures (lean 
or wet) as is shown by Figs. 7 and 8. The method, as regards water- 
cement ratio especially, is not new. Lord,® Ahlers and doubtless numer- 
ous others have accomplished the same thing in but slightly different 
fashion. The assumption involved is identical, viz., that of parallelism to 
Abrams’ curve. 

Even Abrams and the Portland Cement Association have employed 
slightly similar methods in much of their literature. Plots of Percentage 
Strength against Normal Consistency or against the water expressed as the 
percentage of that producing maximum strength, have often been circu- 
lated. Of late, the Water-Cement Ratio Curves appear with Strengths 
plotted against Water-Cement Ratio by loose volume or as Gallons of 
Water per Bag of Cement. 

There are several good reasons why this is probably preferable to the 
former occasional treatment. 

1. Normal consistency is an elusive term not as widely understood as 
it might be. 

2. Maximum strength is extremely variable because maximum strength 
mixtures are very stiff and a concrete giving maximum strength for one 
operator or condition of placing would prove to be a weak honeycombed 
product in the hands of another. Such an uncertain territory is a, poor 
one to use as a reference datum. 

3. Everyone, including the writer, likes definiteness. The writer much 
prefers the strength vs. w/c curve to any other, providing the word 
“approximate,” “probable,” or “estimated” be prefaced to strength. With 
this modification, the maximum of useful information has been conveyed 
without overstatement or misleading inference. Moreover, in the absence 
of test results to tie the particular job mixture to the curve, there is 


14 See Report of Committee C-1 (Cement) Proceedings, A. S. T. M., 1927, 
for reports from other laboratories. 

138A. R. Lord, Proceedings, A. C. I., 1927, p. 40; shows several Abrams 
curves plotted, using different values for the constant in the denominator. J inds 
suitable equation for strength of that particular job concrete by interpolation ot 
plotted job test results between the different curves. 

16 J. G. Ahlers, Proceedings, A. C. I., 1926, pp. 165 and 175; also Proceed- 
ings, A. S. T. M., 1927; discussion on field control of the quality of concrete. 
He says: “The procedure followed by our contracting organization has therefore 
resolved itself into establishing so-called ‘Job Curves’ for every operation. When 
one or two points are found on this curye, it will always be parallel to the 
water ratio curve and the desired water-cement ratio for the strength wanted in 
the structure can be arrived at graphically and mechanically without computa- 
tions by the use of a diagram which is the basic principle of a mechanical device 


used throughout our concrete operations.” 


’ 
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available an estimated strength to be accepted until something better: is 
found. 

The Relative Consistency, etc., of Abrams or the P. C. A. resembles 
the methods later developed and used by Lord, Ahlers, and the writer (as 
well as probably many others of which there is no printed record), the 
essential difference being that Abrams was basing his comparison upon 
one end (the more uncertain one at that) whereas the others are matching 
curves in the midst of the workable range. 

The only originality (if any there be) in the present treatment is the 
extension to other systematic factors of a principle or device already. suc- 
cessfully applied to the Strength vs. Water-Cement Ratio Relation. And 
as previously stated this must be adopted with an open eye, a questioning 
mind and a considerable exercise of engineering judgment. It can at least 
be said that here is offered the semblance of a rational approach to terri- 
tory that was heretofore entirely out of reach for most persons. Thoughtful 
consideration from even a questionable premise should be preferable to 
blind indifference. Figs. 1 to 6 show, quantitatively, what can be done 
with the best known of the systematic factors. Probably as much could be 
accomplished in diminishing the spread for the Voids-Cement Relation. 
Because of its limited use, at present, and also because of similarity to 
the Water-Cement Ratio in status, neither plots not tabular matter, regard- 
ing it, are offered. 

Easily applied constants based upon the best available information are 
offered in Tables 1 to 5. These cover Time of Mixing, Water-Cement 
Ratio, Age, and Temperature. 


Taste 1.—Time or Mrxine vs. Compressive Strenera (RATIos). 


Nors.—Data compiled from Portland Cement Association Tests (1917-1918). 

All strengths shown as ratio to that for full 1 mm. mix at same age. 

Never mix less than 1 mm. 

Little gain from extra mixing time at ages over 28 days. 

Greatest value of extra mixing is for early strength concrete. 

Speeding up mixer beyond designed speed does not help the mixing process. Centrifugal force tends to 
hold mass near rim of mixer drum. 

A wet concrete is not likely to respond to extra mixing as much as will a stiff mixture. (Slater and Walker, 
Proceedings A.S. C. E., 1925, p. 5.) 


Column No. 1 2 3 4 5 6 
Line 
Mixing Time in Minutes 1 1% 2 5 10 
1- |. 3&Day Strengthen ee dase eae 1.00 | 1.20 | 1.40 | 2 2.50 
2 7-Day, Strengths eee srosiun tele meirokimn ae een 1.00 5 Nea) 1.30 1.72 1.93 
3) 1dsDay Strength wes eee see ee ct one Maes 1.00 1.08 1.16 1.50 1.70 
4° "|:28-Day, Strengthe cmon aes cere bie ue me eee ie 1.00 1.06 iv 1.29 Sz 
5 3-Month 'Strenzthtcus. not netene ee ee 1.00 1.06 Het 1,23 1.26 
6 1-Year Strengths sncieccloes series eee 1.00 1.04 1.07 1.17 1.17 


1 No experimental evidence on effect of Time of Mixing on 3-Day Strength. Values obtained by exter- 
polation. Some indication that effect of extra mixing is even greater at 3 days. 


Example: 
Given: Concrete to be placed in service at 7 days. ; 
Desired: To know how much the 7-day strength can probably be raised by extra mixing. 


palutont ane 2, Col. 6. A 10-min. mix will give nearly twice the strength of a 1-min. mix (1.93in Table 
ine 2, col. 6). 
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TABLE 2.—WatTER-CEMENT Ratio vs. Compresstve STRENGTH (RATIOs) 


Notx.—Ratios are all on basis of Abram’s Equation for Rigid Control: S = ae Strengths of line 14 


ee corresponding to this curve and those of line 15 correspond to Abram’s Average Job Equation S = 


0x Use estimated strengths of lines 14 and 15 only in case test results from similar concrete are not 


available. These ratios will give very accurate predictions if used for estimating strengths of mixtures having 
a W/C within 20 per cent either way from that of the trial mix. 


_ |ColumnNo.} 2 3 4 5 6 7 8 9 10 11 12 13 
ine 

W/C = | 0.50 | 0.60 | 0.70 | 0.80 | 0.90 | 1.00 | 1.10 | 1.20 | 1.30 | 1.40 | 1.50 | 1.60 
1 0.50 1,00 | 0.82 | 0.68 | 0.56 | 0.46 | 0.38 | 0.81 | 0.26 | 0.21 | 0.17 | 0.14 | 0,12 
2 0.60 1.22 | 1.00 | 0.82 | 0.68 | 0.56 | 0.46 | 0.38 | 0.31 | 0.26 | 0.21 | 0.17 | 0.14 
3 0.70 1.48 | 1.22 | 1.00 | 0.82 | 0.68 | 0.56 | 0.46 | 0.38 | 0.31 | 0.26 | 0.21 | 0.17 
4 0.80 1.79 | 1.48 | 1.22 | 1.00 | 0.82 | 0.68 | 0.56 | 0.46 | 0.38 | 0.31 | 0.26 | 0.21 
5 0.90 2.18 | 1.79 | 1.48 | 1.22 | 1.00 | 0.82 | 0.68 | 0.56 | 0.46 | 0.38 | 0.31 | 0.26 
6 1,00 2.64 | 2.18 | 1.79 | 1.48 | 1.22 | 1.00 | 6.82 | 0.68 | 0.56 | 0.46 | 0.38 | 0.31 
7 1.10 3.21 | 2.64 | 2.18 | 1.79 | 1.48 | 1.22 | 1.00 | 0.82 | 0.68 | 0.56 | 0.46 | 0.38 
8 1.20 3.89 | 3.21 | 2.64 | 2.18 | 1.79 | 1.48 | 1.22 | 1.00 | 0.82 | 0.68 | 0.56 | 0.46 
9 1.30 4.73 | 3.89 | 3.21 | 2.64 | 2.18 | 1.79 | 1.48 | 1.22 | 2.00 | 0.82 | 0.68 | 0.56 
10 1.40 5.75 | 4.73 | 3.89 | 3.21 | 2.64 | 2.18 | 1.79 | 1.48 | 1.22 | 1.00 | 0.82 | 0.68 
11 1.50 6.98 | 5.75 | 4.73 | 3.89 | 3.21 | 2.64 | 2.18 | 1.79 | 1.48 | 1:22 | 1.00 | 0.82 
12 1.60 8.53 | 6.98 | 5.75 | 4.73 | 38.89 | 8.21 | 2.64 | 2.18 | 1.79 | 1.48 | 1.22 | 1.00 
13 | Gal/Bag..| 3.74 | 4.49 | 5.24 | 5.98 | 6.73 | 7.48 | 8.23 | 8.98 | 9.72 |10.47 |11.22 |11.97 
14 | Rigid Con- 

trol. 5290 | 4360 | 3590 | 2950 | 2430 | 2000 | 1650 | 1360 | 1120 920 760 620 
15 | Average 


Job..... 4670 | 3750 | 3010 | 2410 | 1940 | 1560 | 1250 | 1000 | 810 | 650) 520) 420 


Example (a) 
Given: Strength of 1960 for W/C = 1.10 (by test). 
Desired: Probable Strength at W/C = 1.30. . 
Solution: Line 7, Col. 10 select ratio 0.68. Probable Strength = 0.68 x 1960 = 1330 lb. per sq. in. 


Example (b) 
Given: Strength of 1960 for W/C = 1.10 (by test). 


Desired: W/C required to obtain 2500-lb. concrete. : ; 
Solution: 2500 + 1960 = 1.28. Follow along line 7. By interpolation select W/C = approx. 0.98. 


Example (c) 
Given: W/C = 1.10. No test results are available. 
Desired: Probable 28-day strength of this concrete. w : 
Solution: Col. 8. Line 14 or Line 15 gives 1650 or 1250 for rigidly controlled or average job concrete, 
as the case may be. 


Example (d) 


Given: Desired strength of 2500 lb. per sq. in. for average job concrete. No test results available. 

Desired: Approx. W/C required. What will this be in gal. per bag? 

Solution: Search for 2500 along Line 15. Fine by interpolation W/C = 0.78 approx. =about 5.86 or 
5% gal. per bag (from line 18). 


Remarks: 


Examples (a) and (b) use the added precision available from a test of a similar mixture. Any Abrams’ 
curve will give the solutions for (c) and (d). The higher the permissible w/c the leaner the mixture that can 
be used for a given slump or the thinner the mixture for given proportions. In general it is preferable to use 
the leaner, stiffer mixture if properly placeable than the richer but thin one, because of the objectionable 
segregation, water gain,! laitance and lack of economy? in using less aggregate than the mixture is able to 
carry. Stiff concrete is good concrete if not too harsh or unworkable for the conditions of placing.? 


1“ Water Gain and Allied Phenomena,” Engineering News-Record, Feb. 10, 1927. een 

2 ‘Recommended Building Code Requirement for Working Stresses in Building Materials.” Bureau of 
Standards BH9 (1926), Table 1, pp. 5 and 6; and Report of Committee C-6, Proceedings, A. C. I., 1927, p. 634. 

3 A. R. Lord, Proceedings A. C. I., 1927, p. 29. 
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TaBLE 3.—GALLONS Per Baca vs. CoMpRESSIVE STRENGTH (Ratios). 


14,000. : 
Ratios are all on basis of Abram’s Equation for Rigid Control S = — Strengths of line 15 are those 
; 14,000. 
corresponding to this curve and those of line 16 correspond to Abram’s Average Job Equation S = x 


Use estimated strengths of lines 15 and 16 only in case test results from similar concrete are not available. 
Table is identical with Table 2, except that Water-Cement Ratios are expressed as Gal. per Bag (except 
line 14 of Equiv. W/C.). 
For illustrative use of Table 3, see examples and remarks under Table 2. 


Column No. 2 3 4 5 6 7 8 9 10 11 12 13 14 

Line : fata es NY = Pia 2d | EE ee (cena, EER 
Gal/Bag 4.0 | 4.5 | 5.0 | 5.5 | 6.0 | 6.5 | 7.0] 7.5 | 8.0 | 8.5 | 9.0 | 9.5 | 10.0 

1 4.0 1.00} 0.88) 0.77) 0.67) 0.59) 0.52| 0.46] 0.40] 0.35] 0.31] 0.27] 0.24] 0.21 

2 4.5 1.14} 1.00} 0.88] 0.77] 0.67] 0.59] 0.52] 0.46] 0.40] 0.35] 0.31] 0.27] 0.24 

3 5.0 1.30} 1.14) 1.00} 0.88} 0.77| 0.67] 0.59] 0.52] 0.46] 0.40] 0.35] 0.31] 0.27 

4 5.5 1.48} 1.30] 1.14} 1.08) 0.88] 0.77] 0.67] 0.59} 0.52] 0.46] 0.40] 0.35] 0.31 

5 6.0 1.68] 1.48) 1.30] 1.14] 1.00] 0.88] 0.77] 0.67] 0.59] 0.52] 0.46] 0.40] 0.35 

6 6.5 1.92} 1.68) 1.48) 1.30) 1.14] 1.00] 0.88] 0.77] 0.67] 0.59] 0.52] 0:46] 0.40 

7 7.0 2.18} 1.92) 1.68] 1.48] 1.30] 1.14 1.00) 9.88] 0.77| 0.67| 0.59} 0.52) 0.46 

8 TS 2.49] 2.18] 1.92) 1.68] 1.48} 1.30} 1.14] 1.00] 0.88] 0.77] 0.67] 0.59] 0.52 

9 8.0 2.83] 2.49} 2.18} 1.92] 1.68] 1.48] 1.30] 1.14] 1.00] 0.88] 0.77] 0.67| 0.59 

10 8.5 3.23] 2.83} 2.49} 2.18} 1.92) 1.68] 1.48] 1.30] 1.14] 1.00] 0.88] 0.77! 0.67 
11 9.0 3.67] 3.23] 2.83] 2.49] 2.18)°1.92] 1.68] 1.48] 1.30] 1.14] 1.00] 0.88] 0.77 
12 9.5 4.19] 3.67} 3.23] 2.83] 2.49} 2.18] 1.92} 1.68] 1.48} 1.30] 1.14] 1.00] 0.88 
13 10.0 4.76) 4.19] 3.67] 3.23] 2.83] 2.49] 2.18] 1.92] 1.68] 1.48] 1.30] 1.14] 1.00 
14 Wey. CSp een anor 0.53) 0.60} 0.69] 0.74] 0.80) 0.87) 0.94] 1.00] 1.07] 1.14] 1.20] 1.27] 1.34 
15 | Rigid Control....| 4950] 4340} 3810] 3350] 2940] 2580! 2270] 1990 1750) 1530] 1850} 1180} 1040 
16 | Average Job...... 4320} 3730} 3220] 2780} 2400) 2070] 1790) 1550} 1330] 1150] 1000] 860| 740 


Taste 4.—AGE vs. Compressive SrreneTH (RATIOos). 


Age means period of continuous moist curing. Conerete is dormant when dry but curing will resume 
at diminished rate if moisture again becomes available. If concrete is always to be used in air-dry condition 
20 per cent may be added to the computed or observed strength when moist. Ratios are derived from a 
study of large numbers of published test results including those of the Portland Cement Association. They are 
intended to apply to mixtures having from 4.5 to 9.0 gal. water per bag of cement (W/C from 0.60 to 1.20). 
Although there will doubtless be considerable variation for different brands of cement, these ratios are prob- 
ably more reliable than anything along this line heretofore published. Strengths under 7 days are especially 
likely to be erratic as are the strengths of mixtures much richer or much leaner than average concretes of the 
water-cement ratios mentioned. Nevertheless the early age ratios will be especially useful as an aid in deter- 
mining when forms may be removed or concrete placed in service. Concrete in dry air may be considered 
stationary! so far as strength change is concerned, after the 20 per cent or more added strength, due to drying, 
has been acquired. (This will be lost again upon immersion.) Lord (A. C. I. 1923, p. 258) gives somewhat 
lower ratios for early age strengths. Slater’s Rule (A. C. I. 1926, p. 437) gives ratio of 7 days to 28 days 
strength of from 42.5 per cent of 1000 lb. concrete to 66.0 per cent for 5000 Ib. concrete. For conservative 
estimating, use ratios below these if early strengths are being predicted from a known or estimated strength 
at greater age. Follow reverse procedure if a later strength is being predicted from an early test result. 
Strong mixtures develop a greater percentage of their ultimate strength at early ages, as indicated by Slater’s 
rule. 


me ei lee Pete a oh las Io 48 

Line hee 2 | 2 3 Vue etd alte alec hmontel lames 6 1 Sun ee 
8 Hours} Days | Days | Days | Days | Days | Days |Month|Month| Year Years | Years 
1 | 24hours | 1.00 | 1.80 | 2.30 | 3.30 | 4.10 | 4.60 | 5.00 | 6.40 | 7.20 | 8.10 | 9.40 | 10.0 
2 | 2days | 0.56 | 1.06 | 1.28 | 1.83 | 2.28 | 2.56 | 2.78 | 3.56 | 4.00 | 4.47 | 5.22 | 5.86 
3 | 3days | 0.44 | 0.78 | 1.00 | 1.43 | 1.78 | 2.00 | 2.17 | 2.78 | 3.13 | 350 | 4.09 | 4.35 
4 | 7days | 0.30 | 0.55 | 0.70 | 1.00 | 1.24 | 1.39 | 1.52 | 1.94 | 2.18 | 2.44 | 2185 | 3.03 
5 |14days | 0.24 | 0.44 | 0.56 | 0.80 | 1.00 | 1.12 | 1.22 | 1.56 | 1.76 | 1.96 | 2:29 | 2.44 
6 |2idays | 0.22 | 0.39 | 0.50 | 0.72 | 0.89 | 1.00 | 1.09 | 1.39 | 1.57 | 1.75 | 2°04 | 2°17 
7 |28days | 0.20 | 0.36 | 0.46 | 0.66 | 0.82 | 0.92 | 1.00 | 1.28 | 1.44 | 1.61 | 1.88 | 2.00 
8 | 3 months| 0.16 | 0.28 | 0.36 | 0.52 | 0.64 | 0.72 | 0.78 | 1.00 | 1.13 | 1.26 | 1.47 | 1.56 
9 | 6 months| 0.14 | 0.25 | 0.32 | 0.46 | 0.57 | 0.64 | 0.69 | 0.89 | 1.00 | 1.12 | 1.31 | 1.39 
10 | lyear | 0.12 | 0.22 | 0.29 | 0.41 | 0.51 | 0.57 | 0.62 | 0.80 | 0.89 | 1.00 | 1.17 | 1.94 
Il | 3years | 0.11 | 0.19 | 0.24 | 0.35 | 0.44 | 0.49 | 0.53 | 0.68 | 9.77 | 0:86 | 1.00 | 1.06 
12 | Syears | 0.10 | 0.18 | 0.23 | 0.33 | 0.41 | 0.46 | 0.50 | 0.64 | 0.72 | 0.80 | 0:94 | 1.00 


_} Air-cured concrete may gain strength slowly by extracting some moisture for hydration from the air. 
Moist cured concrete exposed to dry air may lose strength slowly due, perhaps, to a slight loss of moisture 
from some of the crystals. Both of these effects may be generally ignored. 
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Example (a) 
Given: Std. 7 day strength 1500 Ib. per sq. in. 
Desired: To know probable strength at 14 days (1) (moist condition); (2) 14 days plus 2 weeks air-drying. 
Solution: Line 4, Col. 6, gives ratio 1.24. 
1.24 X 1500 = 1860 (moist). 
1.20 X 1860 = 2280 (air-dried). 


Remarks: 


A few hours immersion will saturate concrete to the moist condition. Several weeks of drying in air 
may be required to gain air-dry strength. As curing continues until drying halts it, the separate effects are 
difficult to evaluate at early ages. Bie of air, volume-area ratio of concrete, its density, etc., all influence 
rate of drying. (See Proceedings A. C. I. 1926, pp. 395-436 [especially 424-431] and Transactions A. S 
C. E., Vol. 91 pp. 153-167). 


TABLE 5.—CurinG TEMPERATURE VS. CoMPRESSIVE SrrenaTH (Ratios). 


The table represents the generalized results of the A. B. McDaniel Tests. Bulletin 81, University of 
Illinois Engineering Experiment Station. These tests were performed in 1913-14. Reliable data on curing 
temperature effects are extremely meager Moreover a considerable exercise of judgment is necessary in 
deciding just what the curing temperature shall be assumed to be in a particular case. Heating of aggre- 
gates, exposure to gold winds, chemical heat generated in setting, etc., all have their bearing on the problem. 
Lord (Notes on Watker Drive, Proceedings A. C. I. 1927) shows results nearly identical with these. The ratios 
vary little for different test ages. If the concrete becomes dry, curing ceases regardless of temperature. 
This point is especially important in winter concreting. The artificial heat applied may halt curing due to 
lack of moisture. 


Column No. 2 3 4 5 6 7 8 
Line 
Degrees F. 30 40 50 60 70 80 90 
at 30 1.00 1.36 1.66 1.91 2.13 2.28 2.43 
2 40 0.73 1.00 1.22 1.41 1.56 1.67 1.78 
3 50 0.60 0.82 1.00 1.15 1.28 1.37 1.46 
4 60 0.52 0.71 0.87 1.00 is ih 1.19 1.27 
5 70 0.47 0.64 0.78 0.90 1.00 1.07 1.14 
6 80 0.44 0.60 0.73 0.84 0.93 1.00 1.07 
7 90 0.41 0.56 0.68 0.79 0.88 0.94 1.00 
Example: 
Given: Specimens cured at average temperature of 70 deg. gave standard 28-day strength of 2400 lb. 
per sq. in. 


Desired: 28-day strength at 40 deg. F, 
Solution: Col. 3, line 5 select ratio 0.64. 
0.64 < 2400 = 1540. / 


COMBINING SIMULTANEOUS Factors. ILLUSTRATIVE EXAMPLES USING 
TABLES 1-5. 


Notr. For the use of the tables individually, i.e., for one variable only, see 
illustrative examples given in connection with each table. The fol- 
lowing examples deal only with the rational analysis for several vari- 
ables simultaneously present. : 


EXAMPLE (a) 

Given: Test specimens from given materials. w/c 0.90; strength at 
7 days (moist cured moist tested) = 1,930 Ib. per sq. in.; curing tem- 
perature was 60 deg. F.; mixing time was 2 min. 

Desired: Probable 14-day strength of concrete from same materials, mixed 
1 min.; w/c of 1.10; curing temperature 40 deg.; moist cured for 
7 days but location, mass of concrete, and exposure such that it seems 
safe to assume that curing was able to continue without serious inter- 
ruption through the tenth day. 
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Solution: 


28-day std. strength same w/c, temperature, ete. 
(Table 4, Line 4, Col. 8.) 1.52 x 1,930 = 2,940 
28-day std. strength at w/c=1.10 
. Table 2, Line 5, Col. 8.) 0.68 x 2,940 — 2,000 
(Using about 8% gal, per bag—Line 13, Col. 8.) 
28-day std. strength at temperature 40 deg. F. 
(Table 5, Line 4, Col. 3.) 0.71 x 2,000 — 1,420 
28-day std. strength at 1 min. mix 


“00 
(Table 1, Line 2, Cols. 2 and 4.) ——— 1,420 = 1,200 


1.18 
14-day strength of above concrete 


(Effective age of moist curing 10 days) . 

(Table 4, Line 7, Cols. 5-6, by interpolation) 

Strength = 0.73 x 1,200 = 870 Ib. per sq. in. 
If service conditions are such that there is no possibility of the con- 
crete being subsequently re-saturated while in service, use can be made 
of the drying strength acquired after curing strength-gain ceased. It 
is impossible to evaluate the effect of the 4-day. drying but safe to 
assume that it is the equivalent of what 4 days more of moist curing 
would have given. On this basis (from Table 4, Line 7, Col. 6.) 
Strength = 0.82 x 1,200 = 985 Ib. per sq. in. 
Under similar conditions, after the concrete had air dried to maximum 
and practically constant strength (say at 21 days or older), the 20 
per cent drying strength allowance could be added to the 870 lb. per 
sq. in. moist strength at 10 days, i.e., 

Strength = 1.20 x 870 = 1,040 Ib. per sq. in. 


Summarizing, this concrete could be expected to carry 870 lb. per 
sq. in. moist; 985 Ib. partially dry as at 14 days; 1,040 Ib. eventually if 
kept dry. If subsequently wet the strength would at once drop to 870, 
then gradually start to build up permanent additional strength by resumed 
curing, i.e., added hydration. 

It should be understood that the 20 per cent as the added allowable 
strength for dry concrete over wet, is about the minimum difference found. 
It may be as high as 40 per cent, which is in this case added factor of 
safety. The status is reversed when the strength of moist concrete is being 
estimated from test results on air-dry cores or specimens. This ig one of 
the most glaring of current fallacies.” 

Note that the actual solution can be performed as a process of con- 
tinued multiplication of factors, i.e., 


Transactions, A. S. C. E., Vol. 91 (1927), pp. 153-167 ; Proceedings, A. S. 
T. M., 1927; discussion by H. J. Gilkey on “The Field Testing of Concrete.” 
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1.00 
1.52 x 0.68 x 0.71 x —— x 0.73 = 0.455 


1.18 
0.455 x 1,930 = 870 


It will be noticed that any one line of any of the tables except Table 1, is 
adequate. For this reason certain lines have been emphasized as suggested 
ones to apply in using the tables on a one-line basis. These standardized 
lines are: 


w/c = 1.00 Table 2, Line 6 
w/c=7.5 gal. per bag Table 3, Line 8 
Age = 28 days Table 4, Line 7 


Temperature = 70 deg. F. Table 5, Line 5 


Example (a) in tabular form will be given showing both types of solution: 


Time of Age Moist Curing Product 
Data Mixing w/c Cured Temperature] Factors Strength 
ConeretevAb.ccinasasces. acme 2 minutes} 0.90 7 60 deg. F. Bate 1930 
Coneretebr at Lon hice ane 1 minute 1.10 7+3=10 40 deg. F. Haag Required 


SOLUTION AS GIVEN 


Pablo scaeee emis tnc en cies « | 2 4 5 
Wiese aed ites wsioiate eb lees 2 and 3 5 4 4 
Between 
Column iti ee tare ste sie ete stds 4and 1 8 { Brande 3 
HACbOr ses t-i erinsiereis eiacichieee 1/1.18 0.68 1.10 0.71 0.45 


0.45 X 1930 | = 870 


SOLUTION—ONE LINE METHOD 


Talousseneh-ecceyadeea venir 1 2 4 5 Hise 
Ein Ov a wicee piss aecisie ciele\stelseines 2 and 3 6 7 5 rere, 
OMihini ui guacbeedenaer beacne 4and1 | 8+6 (5 to 6) +5 3+5 7 
WIC et nnad AR aebosaneoerE 1/1.18 |.82/1.22 13/66 .64/.90 
LING) ea aendusebacoocs.JoTen ata 0.85 0.68 1.10 0.71 0.45 
0.45 Xj1930 | = 870 
hvceioantene base 


Norz.—The emphasized lines of the tables can advantageously be plotted for ease of use. 


EXAMPLE (b) 

Same data as Example (a) but is desired to know what period of moist 
curing should be employed in order to insure a strength of 1,100 lb. 
per sq. in. for the concrete in the moist condition. 

Solution: Use same factors as for (a) except the last one which is un- 
known, i.e., 
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1.00 
1.52 x 0.68 x 0.71 x —— x C x 1,930 — 1,100 
1.18 
1,100 
C= ——__= 0.92 


; 0.62 x 1,930 = 
Table 4, Line 7, Col. 7, gives 21 days as the moist curing period 


requirement. 

With equal simplicity the possibility of altering the curing tempera- 
ture, water-cement ratio, or time of mixing could be separately inves- 
tigated and compared. 


EXAMPLE (c) 

Suppose that no test results are available from the cement and materials 
at hand. What is probable 14-day strength under same conditions 
as Example (a) ? : 

Solution: Abrams’ estimated 28-day strength for w/c =1.10 will be the 
starting point. Let us assume the case of rigid control. 

Table 2, Line 14, Col. 8, or any Abrams’ curve gives S,,—= 1,650 lb. per 

sq. in. This is probable equivalent of 1 min. mix wet cured at 70 

deg. F. and moist at test. 

Table 5, Line 5, Col. 3. Temperature Factor — 0.64 
Table 4, Line 7, Cols. 5-6. Age Factor == One 

(Assuming that moist curing continued for 10 days) 

Estimated moist strength = 0.64 x 0.73 x 1,650 — 820 Ib. per_sq. in. 

The foregoing illustrative problems should serve to suggest the numer- 
ous possible uses to which the method may be put. The method, as such, 
is direct and definite. Its uncertainties lie in the values and invariableness 
of the constants selected. These can be replaced by better ones as found. 
By no stretch of the imagination can the method be construed as likely to 
furnish results less accurate than values that are not now even guessed at. 
The few who have tried to intelligently gage the effects of others of the 
systematic factors than the one or two at present most in the spotlight 
have usually found themselves able to tap certain pioneer literature on 
the subject without tangible means for applying it to the specific problem. 
It is hoped that the method outlined may serve, not as the last word in 
either correctness of constants, or perfection of method, but rather as a 
much needed start toward rational solutions for such problems. 


4, EXPLANATIONS OF THE FIGURES. 


The figures are somewhat in the nature of an appendix to the paper. 
A study of them will enable one to judge for himself whether the Water- 
Cement Ratio vs. Strength is to be accepted as absolute or relative. It is 
also possible for him to differentiate between that portion of the spread 
that is attributable to lack of parallelism of different w/c curves and that 
which is due to bodily displacement, In other words the evidence from 
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which the method of Ahlers," and Lord” and others can be judged is here 
presented. With a similar mass of authoritative data, the same analysis 
could be extended to each of the systematic factors that have been con- 
sidered. Some such analysis is needed to test the treatment for probable 
spreads amd to effect their separation into bodily displacement and non- 
parallelism. As the ratio, or percentage method, will eliminate the error 
of the former but not of the latter, it is only by such separate diagnosis 
that a measure of dependability can be obtained for the method in each of 
its applications. 

All of the figures are alike in layout and one general explanation will 
be given followed by a few remarks on individual figures. 

Curves A are the well-known Water-Cement Ratio vs. Strength curves. 


; 14,000 
Abrams’ equation for rigidly controlled concrete, § — appears on 
qx 
each of them as a uniform standard of comparison. Abrams’ other curve 


14,000 


appears on Figs. 1 and 6. On the A curve of all except Fig. 6 
Yx 

is also plotted the spread, in lb. per sq. in., as a broken line. In comparing 
mortars and concretes, or other rich vs. lean, or dry vs. wet mixtures, the 
experimentally determined curves will only overlap for part of their length. 
Sometimes the point selected for superposition (usually at w/c—1 in fig. 
ures) falls beyond one or more of the curves. In these cases an imaginary 
strength is computed from the ratios of Table 2 or 3 and the extension of 
the curve is dotted in, as occurs in Figs. 2, 3 and 7. These extensions are 
parallel to the Abrams’ curve by virtue of the constants from which they 
were computed. Such extensions are not included in the spreads as they 
do not represent experimentally-determined strengths. 

14,000 


On B, the standard of comparison, S = , appears as a straight 
7x 

horizontal line at ordinate 1.00. If perfect parallelism existed between the 

different curves, they too would appear as parallel horizontal lines. The 

spread, expressed as the ratio of the Abrams’ strength, appears as a broken 

line on all but Fig. 6B. 

In C, the curves are superimposed at some convenient w/c value. This 
may be any value but will best be one about the middle of the w/e range 
being considered. For concretes superposition at w/c = 1.00 is often good. 
This was used most often in the figures. Fig. 4 shows comparative effects 
of two different matching values for w/c. Parallel curves would coincide 
in C and D. The departure therefore represents the degree of non-parallel- 
ism present. The strength ratios of C are analogous to those of any hori- 


15 See footnote on page 17. 
18 See footnote on page 17. 
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zontal line of Tables 2 and 3. Table 6 gives the computations for Fig. 1 
which are illustrative. 

Table 6 supplies the detail that permits a complete understanding of 
C, D and E. For hasty study A, B and E are especially recommended as 
their messages are very easily visualized. The length of ordinate between 


TABLE 6.—ILLUSTRATIVE CoMPUTATION FoR Figure 1. 


| 
Line |} Column No. 2 3 4 5 6 7 8 9 | 10 
5 14,000 | 14,000 | 9,300 17,800 | 12,000 A 
1 Equation 7% Ox 3 66x 10x 11.9% Max. Min. Spread 
Abram’s Texas Wis. Phi Actual | Per cent 
2 W/C “Rigid | Av. Job Rodded Av. hila. erabeta eeswie ctua Col. 2 
3 STRENGTHS (A CURVE) 
4 0.60 4356 3746 4270 4470 2715 4470 2715 |, 1755 40.3 
5 1.00 2000 1555 2540 1780 1008 2540 1008 1532 76.6 
6 1.30 1115 805 1717 892 479 1717 479 1238 110.9 
7 RATIO TO § = (B CURVES) 
8 0.60 1.00 0.86 0.98 1.02 0.62 1.02 0.62 0.40 40.0 
9 1.00 1.00 0.78 1.27 0.89 0.50 1.27 0.50 0.77 77.0 
10 1.30 1.00 0.72 1.54 0.80 0.43 1.54 0.43 NG 111.0 
: \ 
11 RATIO TO STRENGTH AT W/C = 1.00 (C CURVES) 
12 0.60 2.18 2.41 1.68 2.51 2.69 2.69 1.68 1.01 46.4 
13 1.00 1.00 1.00 1.00 | 1.00 1.00 1.00 1.00 0.00 00.0 
0.50 0.48 0.68 0.48 0.20 35.7 


15 RATIOS OF LINES 12-14 INCL. COMPARED WITH ABRAM’S RATIOS COL. 1 


LINES 12-14 
| 
16 0.60 1.00 1.11 0.77 1.15 1.23 1.23 0.77 0.46 46.0 
17 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 00.0 
18 1.30 1.00 0.98 1.21 0.90 0.85 1.21 0.85 | 0.36 36.0 
| ‘ 


Note that initial spread of E may be obtained from either A or B curves (see check computations, Cols. 
9 and 10). Likewise final spread of E can be gotten from either C or D curves. Note similar check values, 
Cols. 9 and 10, Lines 12-18, 


The various ratios can best be visualized by observing which goes to unity in a given operation. 
Col. 2, Lines 12-14, agree with Table 2, Line 6. 


the two E curves represents the increase in precision that can be gained. 
Where one mixture is discontinued, there will always be a break in the 
spread curve unless the discontinued curve lay between the two extremes 
at the point of stopping. 

Additional Comments Upon Individual Figures.—Fig. 1 illustrates the 
‘divergence of laboratory results as regards Water-Cement Ratio Law. It 
also shows the high degree of parallelism that exists, notwithstanding, 
and which permits the spread to be reduced from 111 to 46.4 per cent, or 
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within the range of usual concretes, to less than 25 per cent. Of course the 
matching of curves could be done at any w/e and by matching at or near 
the value of w/c to be used the spread can be made to approximate zero. 
The great strength of the Texas Rodded, especially within the range of the 
wetter mixtures, is probably accounted for by loss of water from over- 
tamping. The actual water ratio at time of initial set was probably much 
lower than what it was supposed to be. 

Figs. 2, 3, 5 and 7 are of different Colorado series and should be quite 
self-explanatory. Due to the large variety of mixtures used, there are 
many discontinuities. Without exception these figures support the evi- 
dence cited a year ago,® that “at constant water-cement ratio the leaner 
mixture is the weaker one.” 

In like manner the Wisconsin tests (Figs. 4 and 8) supply some evi- 
dence to the effect that “at constant water-cement ratio, the concrete made 
from the larger particles of aggregate is the weaker. There is one excep- 
tion to this apparent trend in Fig. 8. These are but a small fraction of 
the Wisconsin series. They were selected more or less at random and 
without any regard to the point just mentioned. The slight indication may 
or may not be significant. 

Fig. 4, I and II, as mentioned, illustrate the desirability of basing 
comparisons upon points near the middle rather than near the end of the 
particular w/c range being investigated. 

Fig. 6 of the various Portland Cement Association laboratory results 
has already been rather fully discussed in the early part of the paper. 

Figs. 7 and 8 are of lean mixtures in which a slight lack of parallelism 
introduces very high percentages of spread. Neither of these two lots of 
data adapt themselves overly well to the treatment since the spread is due 
more to non-parallelism than to bodily displacement. 

Much more could be said relative to the*different figures and what 
they show, but those who are interested can unearth the material at their 
leisure. 


CoNCLUSIONS. 

It has been rather fully demonstrated that the very useful water- 
cement ratio method for predicting strengths of concrete can be made much 
more valuable by means of such procedure or technique as is herein out- 
lined. Similar methods have been successfully applied by others. The 
figures shown are not a necessary part of the method. They but illustrate 
its degree of precision for representative cases. 

The usual variables of concrete can be divided into two classes: 


(a) The systematic factors. 
(b) The chance factors. 


If it be assumed that for the (a) class there are reasonably reliable 
parallel laws governing the behavior of given cements, aggregates and 


18 Proceedings, A. C. I., 1927, pp. 363-414. 
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manipulation, these systematic factors are by analogy open to the same 
sort of treatment and analysis as is the water-cement ratio relation (prob- 
ably the most important of them). Tables of constants, representing what 
is believed to be the best of our current knowledge have been compiled and 
placed in easily usable form. These are supported by typical illustrative 
solutions, 

Knowing the strength that a given cement and aggregate gave under 
any one set of systematic conditions, it should be possible to predict 
through straightforward methods and with reasonable accuracy the strength 
that the same cement and aggregates will give for any other known or 
assumed combination of systematic factors. This should be an added step 
toward co-ordination between the standard laboratory specimen (quality 
control) and the actual strength of the concrete in the structure. It 
should produce tangible evidence upon which to base decisions as to time 
for placing structures into service, actual factors of safety present under 
conditions of use, ete. : 

In the absence of a set of test results, Abrams’ (or any other) esti- 
mated strength may be assumed as a starting point from which to branch 
out and take rational account of the other Systematic Variables known or 
assumed to be present. 
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encouragement and co-operation of Prof. C. L. Eckel, head of civil engineer- 
ing. Without such co-operation it would be practically impossible to carry 
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DIScUSSION.—PREDICTING CONCRETE STRENGTHS. 


Weston 8. Evans* and H. WALTER Leavirr.*—Prof, Gilkey is to be Evans and 
complimented on his treatment of this most interesting subject. As he wee 
states, “There’s much that we don’t know about concrete and much more 
that we know but imperfectly or in part.” He has taken some of this 
“imperfectly” known data and applied it to a very interesting problem. 
A structure can be no stronger than its foundation, and if we build elabor- 
ately or otherwise upon data which is fundamentally weak we must expect 
mediocre results. 

The strength of concrete is undeniably affected by such variable factors 
as age or time of curing, water content, cement content, temperature, etc. 
We are dealing, then, with a very complicated and intricate maze of vari- 
ables when we try to guess what the strength of concrete should be. If 
we have accurate measurements of these major and minor factors which 
do affect strength, and if we use each of these results in their proportionate 
relationship we may hope to predict strength with accuracy. 

Prof, Gilkey’s equation takes the form of 

Required strength = abcde (given strength), or S = abede(s) 

a—factor to change given strength to 28-day strength, other 
things being equal. 

b = factor to change a(s) to a strength based on the required w/c. 

c= factor to change ab(s) to a strength based on the required 
temperature of curing. 

d—factor to change abc(s) to a strength based on a required 
time of mixing. 

e—factor to change abcd(s) to a strength based on a required 
time of curing. 

One difficulty with the method lies in the fact that all factors or ratios 
are applied to the whole quantity making up the required result. In other 
words, an error of estimate or an error in knowledge of the temperature 
of curing will not only affect that part of the required strength controlled 
by it, but all other parts as well. Let us look at it another way. 

Each variable factor contributing to the strength or weakness of con- 
crete has its effect independent of all the others. When the effect of w/c 
on strength is studied, it is commonly found that one w/c has several 
given strengths. It has been common practice to average these strengths 
and thus to secure a smooth curve. This practice is to be deplored, for we 


* Maine Technology Experiment Station, University of Maine, Orono, Maine. 
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are throwing away the very weapons with which the solution of our prob- 
lems is to be met. Was it temperature, was it voids or was it time of mix- 
ing or what not that caused this spread? Then why is it not correct to 
state that the method under discussion is wrong because the whole strength 
' is affected by each variable. The equation to predict strength must be of 
the form S— K + ax + by + cz + dq-+er, ete., in which a, y, z, etc., are 
variables such as w/c, age, temperature of curing, and what else we do not 
know at present, and a, b, c must be co-efficients derived not by considering 
each variable in its relation to strength separately but by considering them 
all combined. Then a slight error in the knowledge of one term will not 
seriously affect the whole result. 

Any such method as stated above could not be applied to the problem 
as outlined by Mr. Gilkey, with the data at hand. How could we expect 
ratios controlling temperature from data taken in Colorado to function 
even approximately with ratios controlling w/e derived from data taken in 
Illinois at widely different times? From table 5 we gather that the 
ratios controlling curing temperature are independent of w/c. Let us take 
an example and see what happens. In Maine we get many specimens mixed 
for one minute with 7.5 gal. of water per bag of cement that will give a 
strength of about 2000 lb. when cured at 50 deg. F. and kept wet for 
28 days. According to Mr. Gilkey’s plan, if these had been stored at 70 
deg. they would have tested 2560 lb. and if they had been mixed for 10 
min. instead of 1 min. they would have tested 3507 lb. If they had been 
mixed with 6.5 gal. of water per bag instead of 7.5 gal., they would have 
tested 4559 Ib. and at the age of 5 yr. would have tested 9118 Ib. per sq. in. 
Does this result seem reasonable? Accurate tables and constants cannot 
be derived in this way. When we make a test specimen we must know its 
time of mixing and temperature, for the effect of these variables change 
with the mixture and other things. The problem must be solved in one 
laboratory and at one time or in closely connected series. If “increased 
precision” is really desired, why not use sound basic or fundamental data 
so weighted that all the interrelationships are allowed to function? It 
would seem that the time is now ripe for the launching of such an 
investigation. 


NOTES ON THE PROGRESS OF SOME STUDIES OF THE CRAZING* OF 
PORTLAND CEMENT Morrars. 


By P. H. Bates} ann C. H. JuMrer.} 


Since the paper on crazing‘ was read before the Institute in 1925 it has 
been possible to inaugurate a program of research on crazing and to make 
a series of test panels of mortars at the Bureau of Standards. These have 
now been under observation for various periods and while nothing has been 
obtained which will definitely settle, or even very strikingly indicate, a 
satisfactory solution of the problem it is thought that the test procedure 
and data so far obtained will be of interest. It is particularly hoped, also, 
that constructive criticism will be obtained. 

The several tables will indicate the types of stucco mixes used. The 
underlying thought of their design was that the sands had a certain sur- 
face area and that this area should at least be covered with a layer of 
cement. Hence they were prepared on the basis of the number of square 
inches of area on a gram of sand per gram of cement in the mix. To 
obtain the desired sand area-cement ratio three sands screened between the 
4 and 8 mesh, the 8 and 30 mesh and the 30 and 100 mesh, were used. 
These were mixed in the several proportions as indicated to obtain the 
other sands used. The several other well-known characteristics of mortars, 
such as the approximate granularmetric analysis and the fineness modulus, 
are also presented in the same tables. In all mixes the same cement has 
been used. This was received in the form of clinker and has been ground 
from time to time to the same fineness in the Bureau’s experimental cement 
plant. 

Three different bases upon which to apply the mortars were first 
tried in the small preliminary panels (Table 1). These were glass, thin 
rubber sheeting, and a well-hardened cement mortar. These were to repre- 
sent an absorptive (mortar base) and a non-absorptive base (glass or rub- 
ber), a base forming a maximum (mortar base) and one forming a mini- 
mum (glass) adhesive surface, and one serving as a possible maximum 
(mortar) change in area difference due to drying out of the stucco during 
hardening, and one as a minimum change in difference (rubber). The 
desired conditions were obtained except in adhesion, where contrary to 


1Bates: Crazing on Cement Products: Proceedings, American Concrete 


Institute, Vol. 21, p. 126. 
* Publication approved by the Director of the Bureau of Standards of the 


U. S. Department of Commerce. 
+U. S. Bureau of Standards. 
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expectations the mortar adhered so tenaciously to the glass during the 
hardening and shinkage that the uncovered surface of the glass was ren- 
dered decidedly convex. The data secured from observing these panels are 
presented in Table 1. The early deportment of these suggested certain 
additional mortars. These are indicated in Table 1 by either the use of 
an X or 12. In the fourth column when the former is used it indicates 
that approximately 10 per cent more water was used than in the first set 
of mixes indicated by a number not followed by X. When 12 is used it 
indicates that the ratios of cement to sand in all mixes were such as to 
give a surface area-cement ratio of from 12 to 14. It will be noted from 
the table that during from seven to nine months no marked difference was 
seen in the various panels so far as crazing was concerned. It was there- 
fore thought advisable to change the size of the panels and omit from 
future work the rubber sheeting base. z 

A second series was then inaugurated, using as a base either glass 
plates, 24x 24 in., or an absorptive mortar base of the same dimensions 
made of a 1: 4 dry tamped mortar using a rather coarse concrete sand and 
some light expanded metal as reinforcing. The same mixes were used as 
in the first series. The following procedure was employed in making the 
panels of this series when the mortar base was used. One-half of the 
base was thoroughly wet down before applying the mortar. The other 
half was left dry. After applying the mortar one-half of the surface was 
thoroughly trowelled to bring the finely divided and suspended cement par- 
ticles to the surface. The other half was given a float finish. Thus, one- 
fourth of the panel had a floated finish surface on a dry base, another 
fourth a floated finish surface on a wet base, a third fourth had a trowel 
finished surface on a dry base and the fourth quarter a trowelled surface 
on a wet base. This procedure was also followed in the later series pre- 
sented in Tables 3 to 6. However, these tables do not indicate the condi- 
tion of the various quarters. This is due to the fact that while generally 
the trowelled surface on the dry base showed crazing first it spread to the 
other quarters within a few days and consequently there was no need for 
indicating in the tables any difference in the appearance of the several 
quarters. 

While these two series were under observation a number of other 
panels were made under a variety of different conditions. Thus some were 
subjected immediately after making to the draft produced by an electric 
fan. Others were wetted down thoroughly at different times after harden- 
ing. Others were made on the roof and immediately subjected to whatever 
atmospheric change took place without protection except from rain. The 
results which were obtained, but not presented here, led to the conclusion 
that it would be desirable to start a third series in which panels of the 
same type would be made under different atmospheric conditions, 

The third series (Series M, Table 3), was then made, in which the 
two mixes previously used containing the coarser aggregates were omitted. 
Also but one water-cement ratio was used for each mix. Each mix was 
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Sand Condition Sept. 6, 1927 Condition Nov. 14, 1927 
| 
Size peapertion b Concrete Glass Rubber Concrete Glass Rubber 
4/8 0.33% OuK. Crazed Crazed O. K. Crazed Crazed 
8/30 | 0.3334 | Crazed “ oe - 
80/100] 0.333¢ | lightly crazed % Slightly crazed es oe 
4/8 0.60 Crazed Crazed Crazed Crazed Crazed Crazed 
8730 | 0.20 | el a - 
30/100 0.20 lightly crazed Slightly crazed 
4/8 0.20 Crazed Crazed Crazed Crazed Crazed Crazed 
8/30 0.60 a os = = S 
80/100} 0.20 0. K. O. K. 
4/8 0.20 Crazed Crazed Crazed | Crazed Crazed Crazed 
8/30 0.20 lightly erazed ae oe Slightly crazed 4 = 
30/100} 0.60 aoe Bo 
8/30 0.50 O. K. Crazed Crazed 0. K. Crazed Crazed 
80/100} 0.50 + OLK: % - O. K. : 2 
lightly crazed Slightly crazed 
4/8 0.50 O. K. Crazed Crazed | OK. Crazed Crazed 
sorioo| 0:50 | lightly sraged| = nr | Slightly erazed | z 
8 0.50 O. K. Crazed Crazed O. K. Crazed Crazed 
150 0.50 Crazed " Crazed a i 
| O.K. < 
O. K. Crazed Crazed aos Crazed Crazed 
Cr: = ne raz 
ae ed 7 ? ? ? 19 
O. K. Crazed Crazed ne es Crazed Crazed 
Crazed © az : 
go | 1.00 | Craze i | Craze ; ; 


O. K. Crazed Crazed O. K. Crazed Crazed 
ili Slightl ed i Slightly crazed | Slightly crazed | Slightly crazed 
al Ml ag ea OR "Oak * | Cracked—O.K.| Crazed Craz 


‘ cracks thro! 
“oeieed Novar, the sand being graded and proportioned as with Mix I. 
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made and stored for the first 30 days after making under three different 
atmospheric conditions: on the roof, in the laboratory and in a damp 
closet. At the end of 30 days all of the panels were placed on the roof. 
The marked difference in the deportment of the panels from the same mix 
made under the different conditions suggested that still other panels should 
be made which would be hardened under rather closely controlled condi- 
tions of temperature and humidity. 

This latter set of panels includes Series N, P, R, and S2 The data 
regarding Series N and P are presented in Tables 4 and 5. It will be 
noted from these that the same eight mortars of Series M were used with 
the same water-cement ratio, but the panels immediately after making 
were placed for 72 hours in a chamber at either a temperature of 100 
deg. F. and a relative humidity of 65 to 75 per cent (Series P), or at the 
same temperature for the same period but at a relative humidity of 40 to 
50 per cent (Series N). In Series R there has been used a temperature 
for the first 72 hours of 85 deg. F., and a relative humidity of 65 to 75 per 
cent, and in Series S a temperature of 85 deg. F. and a relative humidity 
of 40 to 50 per cent. The panels in these series were maintained under 
these conditions for 72 hours and then one-half placed on the roof and the 
other half in the laboratory. 

The above presentation of the extent of the research may leave an 
impression of its having been poorly planned. However, such is hardly the 
case. The original mortars were of such a gradation of aggregate that it 
was reasonably assured that some would craze and others not, under the 
conditions of interior storage. However, none of the panels developed the 
characteristic hexagonal crazing while specimens were left indoors. Hence, 
they were removed to the roof and other larger panels constructed. By 
the time the latter were made and under observation for some time in the 
laboratory the smaller panels on the roof were beginning to give evidence 
of failure. Hence the third series was inaugurated where larger panels 
were made in the different atmospheres. This behavior immediately indi- 
cated the need of curing under controlled humidity and temperature con- 
ditions. This is now being done. 

Considering the data of Tables 1 and 2 and neglecting all except those 
on the mortar bases in the following discussion, it will be noted that the 
sand area-cement ratio varies from 2.9 to 29.1. The fineness modulus 
varies from 1.7 to 4.9. As long as the panels were in the laboratory no 
crazing resulted on those where the lower percentages of water had been 
used but after having placed these on the roof there was some slight evi- 
dence favoring the mixes with the high sand area-cement ratio. This 
tended to disappear with later aging but the mix with the highest ratio 
still shows the least crazing. Increasing the water by approximately 10 
per cent did not produce any marked effect. Changing the mixes so that 
the sand area-cement ratio was about 12 to 13.7 slightly improved mixes 


2Few data are presented regarding Series R and §S, since the construction 
of the panels has just been completed. 
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4, 6 and 9 on the larger panels only. This in effect increased the richness 
of the first two of these mixes and reduced the mixes of the last one. From 
the viewpoint of the gradation of size characteristics of the sand the data 
show that the more of the fine sand present the less there is of a readiness 
to craze. The fineness modulus seems to be more erratic as a means of 
decreasing crazing tendencies. The sand with the lowest modulus does 
show the least tendency but for any higher modulus there is no general 
relation. Thus the mix with the modulus of 3.35 is rather better than 
another with a modulus of 3.29. The small panels with the glass and 
rubber bases showed fine parallel cracks on drying generally normal to 
the direction of troweling. These would not have been called crazing 
cracks. On placing these panels on the roof crazing developed from these 
cracks very rapidly. The 24x 24-in. panels on glass have been kept con- 
tinuously in the laboratory and are without any evidence of crazing. They 
are not referred to in any of the tables. 

The rapidity with which crazing resulted when the specimens were 
placed on the roof suggested the making and curing of some panels there. 
On doing this it was found that they crazed almost immediately and con- 
sequently Series N (Table 3) was started. The three atmospheric condi- 
tions under which the making and curing was done in this series gave 
immediately three different results but with age these differences have 
been considerably obliterated. It should be remembered, however, that the 
specimens of this series were kept in the atmosphere in which they were 
made for but 30 days after which all were placed on the roof. During the 
week in which they were made the temperature on the roof varied from 
55 to 98 deg. F., but during by far the greater part of the time it ranged 
from 70 to"80 deg. F. The relative humidity Varied from 25 to 90 per 
cent but generally it dropped daily to 30 per cent and rose during the 
night to 75 per cent. In the laboratory the relative humidity varied from 
40 to 60 per cent and the temperature from 80 to 90 deg. F. 

With this evidence of the marked effect of temperature and humidity 
during the early curing at hand, the several later series were started in 
which during the first 72 hours after making the panels were aged at one 
of three temperatures, 70, 85 and 100 deg. F., and at each of these tem- 
peratures two humidities are maintained, 40 to 50 per cent and above 
70 per cent. After the first 72 hours half of the specimens were placed on 
the roof and the other half in the laboratory. Only parts of these series 
have been made. The others are in preparation at the present time. 
However, the effects of the control of these outstanding variables, tempera- 
ture and humidity, are quite evident upon comparing the data of Series M 
and N. Whether this effect will persist over later ages time alone will 
indicate. 

The data presented in Fig. 1 will be of value to those interested in 
volume changes. In obtaining this the several mixes were made in the 
form of slabs 1x 4x 24 in. in the laboratory and allowed to harden while 
measurements were made under an optical comparator. The data, how- 
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ever, do not serve very much in elucidating the crazing of the panels at 
the present time. It is possible that more indicative results would have 
been obtained if the panels had been made and measurements made during 
curing under controlled temperatures and humidities. This may be done 
later. 

During the progress of the work two samples of commercial stuccoes 
were obtained which were reported to be showing no evidence of crazing 
in use. Panels were made of these on the mortar bases, in the air of the 
laboratory, in the damp closet and on the roof. After the first 30 days 


FIGURE I 


| 


| lof da] Si 


ond Exparsior7 


PZ 
(4 
1_| 


LYAL 
/ | 


f 


Percent Contraction 


SRY 
Py 


lee | 
AVERAGE 11x / 7g Mix IO 
epee 


If FEE) Ci EY Ff ¢e) / 3 7 / 2 3 a Gin G 
Hours Days Months 


Fercent Linear Change 


lien il 


all panels were put on the roof. These have been under observation for 
about three months. The panels of one of these to date show no crazing. 
It is beginning to be evident on the panels of the other indicated by the 
letter B in Table 7. The granulametric analyses of these commercial stuc- 
coes as well as those of the mixes made at the Bureau are also given in 
Table 7. As the commercial stucco contained the cement an attempt has 
been made to obtain the gradation of the sands used by assuming that the 
material in them passing the 100 mesh is cement. By deducting this 
portion a granulametric analyses of the sands used is obtained. These 
values as indicated in Table 7 under the columns AA and BB show that 
they differ from any used at the Bureau. The linear shrinkage of bars 
from these was also determined under conditions similar to those obtain- 
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ing when the shrinkage of the bars of the ten other mixes was made. 
These specimens acted very similar to those of the laboratory mixes. 
Sometime during the first twenty hours of their hardening they showed an 
expansion of slightly more than 0.004 per cent. After the expansion a 
contraction resulted and at the end of 24 hours A showed a contraction of 
0.051 per cent and B 0.038 per cent. At the end of the first week the con- 
traction of the former was 0.111 per cent and of the second 0.139 per cent. 
These values are higher than those obtained on any of the bars made from 
the mixes prepared at the laboratory. 

It is confessed that so far, after a year and a half of work, suites 
very tangible for solving the problem of crazing has been obtained but on 
the other hand apparently an estimate of the magnitude of the effect of 
some of the several variables, particularly humidity and temperature, in 
causing this annoyance is being obtained. This is of much importance and 


TaBLe VIJ.—GRANULARMETRIC ANALYSIS OF THE Sanps UsEp 


Per Cent Mix Number 

Retained on 

SUNS AGG |PAAGI SOB a BBS SeTbe MeO ale Sosleng melden les gine stheer gee (ig mlled 
0.0/ 00] 0.4] 1.3| 0.41 0.2! 0.01 0.6| 0.6, 0.0] 0.0] 1.0 
2.0] 3.0] 31.6] 56.2/ 19.0] 19.6| 0.4] 47.6] 47.8] 0.0] 0.2] 94.0 
11.8] 17.5] 12.2] 9.6] 19.8| 7.3] 16.5] 1.8] 17.6] 0.0] 32.0] 4.8 
26.6| 40.4] 20.9| 12.0] 37.2] 12.6] 30.8| 0.6] 31.0] 0.8| 62.0/100.0 
21.8] 32.4] 26.9] 15.4] 17.4] 46.4] 39.6] 37.8| 3.0] 75.4] 5.4]..... 
4.6] 6.7] 7.8| 5.4] 5.8] 13.6] 12.6] 11.4| 0.1] 23.6|100.0|..... 
96-4} 100.0}100.0/100.0/100.0|100 0} 100.0} 100.0}100.0}100.0)......|--... 
OSG ice rape ee teetallietos pctel| elehs aver|tecareteys [Tayatarene vat erate | ees AL hace gtallterctetere ti Aera ete 


A and B = Prepared commercial stuccoes. 
AA = Calculated analysis of sand of A on the basis that all of A passing 100 mesh is cement. 
BB = Calculated analysis of sand of B on the basis that all of B passing 100 mesh is cement. 


will assist materially in leading the present and future work more directly 
toward solving the crazing problem. For the immediate future the work 
will be conducted along the line adopted in the latter series of panels. 
These data when obtained should indicate which of the stuccoes are dis- 
tinctly better than others under the most severe conditions such as high 
temperature and low humidity and under the most favorable conditions as’ 
lower temperatures and higher humidities. Then it would be desirable to 
study other mortars of different gradations of sand. In the study of this 
latter variable the field is so broad that for all preliminary work it was 
thought desirable to use a limited number of carefully graded sands. It 
might also be advisable to use different cements. This was not done in the 
present case largely because no test method was available or known that 
would indicate the difference in cements of their tendency to assist in pro- 
ducing crazing but before any enlargement of the work to include sand 
gradations or different types of cement is undertaken suggestions are espe- 
cially invited regarding both of these variables. 


CRAZING IN CONCRETE AND THE GROWTH OF HAIR CRACKS 
Into STRUCTURAL CRACKS. 


By ALFRED H. WHITE,’ VILHELM A. AAGAARD, AND 
AXEL QO, L. CHRISTENSEN. 


The fine cracks which occur on the surface of concrete and especially 
of mortar rich in portland cement are frequently called hair cracks and 
the phenomenon is often alluded to as crazing. A crack may result from 

-a blow or other mechanical cause, but the most frequent cause is the un- 

equal expansion and contraction of the surface and the main body of the 
material. This unbalanced condition may be caused by heat, and tem- 
perature changes are undoubtedly a contributing cause, but the chief 
cause of both the initial formation and the growth of these cracks lies in 
variation in the moisture content of the hydrated cement. 

Colloidal Properties of Hydrated Portland Cement.—Portland cement, 
after hydration, is a mixture of crystalline and colloidal materials, and 
the colloidal material expands when it is wet and contracts when it is dry 
as is the rule with colloidal gels. This property of behaving as a colloid 
is not lost with age as is shown in Fig. 1, which records the changes in 
length of four bars of neat cement approximately 4 in. long 1 in. in cross 
section when alternately wet and dried during a period of more than 
18 years. The two upper curves represent the behavior of two commercial 
cements, passing standard specifications, which were each mixed with water 
to normal consistency and made into an expansion bar. These two bars 
131 E and 131G were kept continuously in water for nearly three years as 
shown in Fig. 1. They increased in length for the first year and then 
remained substantially constant in length for the two following years in 
water. When they were allowed to dry in air, each one shrank about 
0.12 per cent, and when they were wetted again they expanded. This 
change in length has not only persisted with each complete reversal of 
moisture content, but the swings have increased in amplitude with the 
years. In the last change from the dry to the wet state shown on Fig. 1 
between the seventeenth and nineteenth years the expansion was 0.27 per 
cent for 131 E and 0.31 per cent for 131 G. 


1 Professor of Chemical Engineering, University of Michigan, 
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The effect of damp air is also shown in the history of these two bars, 
between the fifth and sixth years. Bar 131 E when dry was exposed at 
room temperature to air almost saturated with water vapor, and expanded 
0.08 per cent in length in three months. Bar 131G under similar circum- 
stances expanded 0.12 per cent in four months. 

The two lower bars of Fig. 1, 146 A III and A IV were made in a 
similar way from another commercial cement of good quality. Their history 
differs from that of the other two in that they were alternated more fre- 
quently between the wet and the dry states. There is a difference in the 
behavior of A III as compared with A IV which is the result of the plan 


FIG. 2.—PHOTOGRAPH OF BAR OF NEAT CEMENT AFTER HAVING BEEN 
EXPOSED TO ALTERNATE WET AND DRY CONDITIONS AT ROOM TEMPERATURE 


FOR 18 YEARS. THE VOLUME CHANGES OF THIS BAR ARE SHOWN GRAPHICALLY 
IN FIG. 1. 


laid out when the bars were made. Both bars were to be alternated be- 
tween air and water but A III was placed in air after the first day and 
was given relatively long periods in air, while A IV was placed in water 
after the first day and given long periods in water. This plan resulted in 
A IV growing steadily while A III fluctuated, but maintained its average 
length about what it was initially, during the first four years. After that 
period, A III was changed to longer periods in water and it grew some- 
what under this treatment. Its length after 18 years, the last two of 
which were in water was +-0.12 per cent while A IV at a corresponding 
period was +-0.60 per cent. Each of these four bars is crazed, but A IV is 
now so badly and deeply cracked that it seems almost ready to go to 
pieces. Its appearance is illustrated in Fig. 2, which shows the deep 
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cracks in the top and in one side. It will be noticed that the corners of 
the bar have spalled in three places. 

The explanation of the increasing amplitude of the variations in length 
as the bar becomes older has been discussed elsewhere.’ It is sufficient to 
say here that it is due to the incomplete hydration of the particles of port- 
land cement even after exposure to water for several years. 

In a rich concrete which is well made and kept wet there is slow 
expansion which terminates only when the products of hydration have 
become packed so closely that no more water can force its way to the 
unchanged clinker. This is shown diagrammatically in Fig. 3. In A, four 
sand grains are represented on a magnified scale, bonded together by a 


FIG. 3.—DIAGRAMMATIC REPRESENTATION OF STRESSES IN CEMENT MORTAR 
WHEN WET AND DRY. 


A represents four sand grains with the colloid between them wet and 
swollen. The arrows show that the grains are being pushed apart, and that 
the colloidal cement is in compression: B represents the same situation 
with the colloid dry and contracted. The grains are being pulled together 
and the colloidal cement is in tension. 


colloidal cement which is swollen and which tends to push the sand grains 
apart, the forces being represented by arrows. A bar of cement mortar or 
concrete when wet is therefore elongated and if there is any restraint, 
each film of cement is in compression. In B of Fig. 3 the same grains of 
sand are represented after the cement has become dry. The colloidal mate- 
rial has shrunk and is pulling the sand particles together. A bar under 
these circumstances contracts and if there is any restraint, each film of 
cement is in tension. 

When water starts to evaporate from the surface of a wet bar, the 
surface tries to contract, but is restrained by the swollen material below it. 
The bottom layers are therefore placed in compression and the top layers 
in tension. Since cement is much stronger in compression than in tension, 


1 Colloid Symposium Monograph, Vol. VI, 1927. 
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there will be a tendency for cracks to form on the surface which is in 
tension. If cracks do form on the surface they will penetrate until a 
layer is reached where the tension becomes too small to cause rupture. 
The magnitude of the shrinkage in the upper layers will depend on a good 
many factors. It will increase with the quantity of colloidal cement pres- 
ent and with the rate of evaporation of water from the surface. It will 
be smaller with lean mixes and with slow drying, which will permit the 
moisture to be transferred from the bottom to the top layer almost as fast 
as it evaporates from the surface. 

The expansion and contraction of hydrated cement with moisture 
changes is apparently universal. It does not follow, however, that there 
will be permanent expansion over the initial length. The four bars of 
Fig. 1 all show permanent expansion because they have been kept wet for 
long periods. The bars of Fig. 4 show similar volume changes, but their 
length has been in general less than their initial length because they were 
allowed to become dry soon after they were made and were kept dry for 
relatively long periods and wet for shorter periods, during the first few 
years of their life. The amplitude of the volume changes of the neat 
cement portion of the compound bars of Fig. 4 is substantially the same 
as in the free bars of Fig. 1. 

Volume Changes in Tuwo-Course Structures.—Pavements and sidewalks 
are frequently made in two courses, a thick and rather lean base with a 
thin and rather rich topping. The richer top coat crazes when exposed 
to the weather and the extent of the cracks is influenced to a material 
extent by the relative inertness of the lean base. Fig. 4 represents a lab- 
oratory experiment intended to show the relative volume changes of such 
a compound structure. Bars 146 I and 146 VI are compound bars made by 
superimposing a bar of neat cement on one made of a 1:3 mix. These 
bars were as usual 4 in. long by 1 in. square and were superimposed on 
one another when they were formed, so that they bonded together firmly. 

Bar 146 I was alternated between water and air on a weekly schedule 
for the first six weeks and was then given longer alternations. Bar 146 VI 
was stored in air for 14 months and was then started on a schedule alter- 
nating between air and water. It will be noted that the shrinkage of the 
neat cement was much greater than that of the 1:2 mortar so that there 
must have been a greater tendency for the neat cement to crack in tension 
as it became dried. With each immersion in water the greater tendency 
of the neat cement to elongate lessened this difference until at the end of 
four years both parts of the bars were of nearly equal length. They were 
then allowed to lie in water for 14 years and at the end of this period the 
neat cement was in both cases longer than the 1: 3 mortar portion of the 
par. The relative stresses in the two bars have thus been reversed. Each 
bar of neat cement shows numerous hair cracks but the bars are still 
bonded together. 

Experimental Study of Formation of Hair Oracks.—Hair cracks are 
primarily due to unequal shrinkage. In the usual case of pavements and 
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stuccos they are caused by too rapid drying of the upper surface. If the 
drying continues after the hair cracks are formed, and the whole mass 
comes to uniform moisture content, the strains are relieved in part and if 
the mass is unrestrained the shrinkage cracks will close. If the shrunken 
mass is exposed to water working from the upper surface, the upper layers 
will expand and the hair cracks will close tightly under compression. They 


TIME IN DAYS 
40 0 


FIG. 5.—INITIATION OF CRAZING IN BARS OF NEAT CEMENT AND 1: 2 MORTAR 
AS THE RESULT OF ALTERNATIONS BETWEEN THE DRY AND WET CONDITION. 


The vertical lines show time in days, the horizontal lines percentage 
change in length, in hundredths of a per cent, of bars of Series 192. The 
full lines of the curves show the variations in length of the upper portion 
of each bar. It was through the upper surface that moisture entered and _ 
left the bar, The dotted lines of the curves show the variations in Jength 
of the lower portion of each bar which changed its moisture content only 
slowly. 


will remain closed until the mass dries again from the top surface, when 
the cracks will open again and will penetrate more deeply into the body 
of the structure. Repeated alternations of moisture content may therefore 
cause the cracks to penetrate very deeply, as is shown in the photograph 
of bar 146 AIV of Fig. 2. All of the bars of neat cement which have been 
alternated between air and water many times in our laboratory show craz- 
ing. The older records do not show when the first hair cracks were 


CRAZING AND THE GROWTH OF HAIR CRACKS. 197 


observed and a new series of bars was made up to test the effect of rela- 
tively rapid alternations of exposure to air and water. 

The changes in moisture content of a concrete pavement or sidewalk 
come mainly through the upper surface and in order to obtain a measure 
of the variations in volume which might result at short distances below 
the surface the bars of series 192 were made. Six bars, A to F inclusive, 
were made from a 1: 2 mixture by weight. The sand was of good screen 
analysis with nothing that would not pass a 10-mesh screen, and 11.9 per 
cent of water was used. The bars were made 4 in. long and 1 in. square 
with glass plates 1 in. long embedded in each end. They were kept in the 
molds in the damp box for 24 hours and as soon as the molds were stripped 
all of the faces, except the top, were painted with a thick coat of paraffine, 
so that absorption or evaporation of water would take place almost en- 
tirely through the top surface. Measurements of the length of the bars 
was made at two points, about %4 in. from the top and 4 in, from the 
bottom, and the initial measurement of each bar was plotted as zero. 

The changes in length of these bars as changed from water to air and 
back to water is shown in Fig. 5. The full lines show the changes in the 
upper part of the bar which changed its moisture content rapidly, and the 
dotted lines show the variations in the bottom of the bar whose moisture 
content changed more slowly, because of its paraffine coating. The mois- 
ture from the lower part of the bar had to pass to the upper surface by 
diffusion and be evaporated there. Bar 192A, of 1:2 mix was kept in 
the air of the laboratory for 28 days. The upper part of the bar showed 
an evident shrinkage after the first 24 hours in air, but the bottom of the 
bar retained its initial length even after three days in air showing that 
it had not yet started to dry out. After the third day, the evaporation 
of water from the surface could apparently proceed only as fast as water 
came to it by diffusion from the lower portions of the bar, for the top 
and bottom both contracted at substantially the same rate until, after 
28 days, the bar was placed in water. After three hours in water the 
upper portion had elongated 0.031 per cent while the bottom had only 
elongated 0.002 per cent. After three days in water the upper portion 
elongated an additional 0.016 per cent while the bottom elongated an 
additional 0.039 per cent, making a total expansion of 0.047 per cent for 
the top and 0.041 per cent for the bottom. The bar was then placed alter- 
nately in air and water for periods of three days with results shown in 
Fig. 5. The length of the lower part of the bar protected by parafiine re- 
mained almost constant whether immersed in water or in air since the inter- 
val of three days in air was too short to permit the evaporation from the 
upper surface to affect the moisture content of the lower portion. The mi- 
crometric measurements of length at points %4 in. below the upper surface, 
however, fluctuated about 0.03 per cent with each three-day change of state 
and actual surface of the bar must have been subjected to greater and 
more rapid fluctuations. As the bar dried after its fourth immersion in 
water and after a total life of 56 days the first faint hair cracks became 
visible, and these became more evident with each successive alternation. 
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Bar 192 E was made as a duplicate of 192 A but was kept in water 
for the first month after it had been coated with paraffine. It was then 
alternated between water and air on a three-day schedule and after the 
fourth period in air it was found to have hair cracks. 

Bar 192 G was made from neat cement, coated all over, except its upper 
surface, with paraffine and placed on the same schedule as Bar A. It 
shrank nearly twice as much as A during the first month in air and tha 


FIG. 6.—CRAZING IN NEAT CEMENT BARS DUE TO ALTERNATION BETWEEN WET 
AND DRY CONDITIONS AT ROOM TEMPERATURE. 


fluctuations in length were 50 per cent greater as it changed from the wet 
to the dry state. The lower part of the bar protected by paraffine varied 
little in length during the three-day alternations while the upper changed 
0.03 to 0.05 per cent. Crazing was visible on this bar as it dried for the 
second time, after a total life of 45 days. 

A similar history could be written about the bar of neat cement 192 M 
which received the same treatment as 192. It, however, showed crazing 
the first time it dried out. The photograph of bar 192M shown in Fig. 6 
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was taken after it had dried out for the third time when its total life 
was 45 days. The bar was dipped into water just before the picture was 
taken so as to show the cracks more clearly. These experiments showed 
that an unrestrained bar of neat cement or one of 1: 2 mixture would craze 
after a few alternations between the wet and dry states at room tempera- 
ture, if evaporation and absorption of water could take place only from the 
top surface. 

Experiments having shown that neat cement bars or bars of 1: 2 mix- 
ture protected from moisture from all sides but the top, all crazed when 
alternately dried in air and immersed in water, it was desirable to find 
how bars behaved when free to absorb water on all surfaces. It seemed 
probable that bars of small cross section would have an advantage in that 
the water would penetrate to the center more rapidly and so would equalize 
the stresses more rapidly. Accordingly bars of neat cement, 1 in. square 
and 1% in. square were fabricated and allowed to remain in the molds in 
damp air for 24 hours. They were then placed on a schedule of air 24 
hours and water 24 hours. Two of the six bars showed crazing after the 
seventh alternation and all of the bars showed crazing after the ninth alter- 
nation. The photographs of 192-6 and 8 in Fig. 6 were taken after the 
tenth alternation. The bars were dipped in water just before photograph- 
ing in order to show the cracks more clearly and this accounts for the 
somewhat hazy outline of the edges of the crack. Bar 6 is one of the 
bars only 1 in. square and bar 8 is one of the larger bars 1% in. square. 

The Growth of Hair Cracks into Structural Cracks.—The discussion 
up to this point has dealt with the formation of minute cracks on the 
surface. The present discussion deals with the spread of these cracks into 
the body of the material. When concrete dries rapidly, the greatest shrink- 
age stress is manifested at the surface and is, theoretically, uniform over 
every part of the surface. As soon as a crack is formed, the stresses are 
no longer uniform but are greater at the bottom of the crack. A force 
which will produce an initial crack will therefore be great enough to 
cause it to spread in a homogeneous material. This is well illustrated by 
the manner in which a crack spreads in a pane of glass. 

When concrete dries through rather rapid evaporation of water from 
its surface the stresses are not only greatest at that surface, but they 
reach their maximum at some particular time. When the conerete is 
thoroughly wet, the surface as well as the rest of the mass is in compres- 
sion. As it dries, the surface gradually passes into tension while the base 
usually remains wet and in compression. Ultimately the base also passes 
into tension if the concrete becomes completely dry and the tension of the 
surface layer becomes relieved somewhat. There is a particular moment 
during the drying process when the stresses are greatest. A crack may 
thus start at the surface and make relatively little progress during a sin- 
gle drying. The crack will become deeper with each alternation between 
she wet and the dry state, and may ultimately develop into a complete 
structural crack. 
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Crazing may take place from any surface from which there is evap- 
oration. In practice there is usually only one surface exposed to the air, 
but in laboratory tests on bars exposed to evaporation from all surfaces, 
crazing takes place on all surfaces even with bars as small as 1 in. square. 

The development of hair cracks is naturally greatest in rich mixtures 
because the shrinkage is due to the colloidal properties of the hydrated 
cement. The growth of the hair cracks is also most rapid in rich mixtures, 
not only because of the greater amount of colloidal material, but because 
of the greater continuity of the colloid. A hair crack in a lean mixture 
may be stopped when it meets a particle of aggregate. A surface which | 
has been trowelled is richer in cement and is therefore more likely to crack. 
It is also smoother and more homogeneous so that the crack is more easily 
visible and spreads more rapidly. The failure to observe crazing in lean 
mixtures is frequently due to the irregular outline and lack of continuity 
of the cracks. 

Hair Cracks Do Not Repair Themselves-—Hydrated cement is plastic 
and colloidal, and there is some evidence that minute cracks forming in 
the interior of a concrete mass may repair themselves. This does not hap- 
pen, however, with cracks originating at the surface because the carbon 
dioxide of the air reacts with the hydrated lime present in all hydrated 
cement and forms crystalline calcium carbonate over the fresh surface. 

Crazing as an Initial Cause of Disintegration of Concrete Exposed to 
the Weather.—Hair cracks are formed initially because of shrinkage of the 
surface while the main portion of the concrete is wet and swollen. Cracks 
thus formed may become closed when the surface becomes wet and swollen 
but always reopen when the surface becomes dry. They increase in size 
with each alternation from a wet to the dry state. Crystals of calcium 
carbonate forming in the cracks, and dust which works into the open 
cracks, prevent complete closure even when the concrete is wet and swollen. 
Under favorable circumstances, ice will form in the cracks and open them 
still further. The disintegration proceeds at an accelerated pace as the 
cracks enlarge. Temperature changes may accelerate the growth of cracks 
but are, in general, of secondary importance. A change in volume of 0.05 
per cent in a rich mortar may be caused by a rain’continuing only for a 
few hours. This is as much as would be caused by a temperature change 
of 100 deg. F. 

Two-course sidewalks frequently show failure between the two courses. 
The compound bars of Fig. 4 indicate the difference in shrinkage between 
two layers of unequal richness, giving rise to a stress which tends to split 
the two layers apart. In sidewalks which failed in this manner, it is prob- 
able that hair cracks in the top coat progressed until they became struc- 
tural cracks extending through the top coat, and the top split from tha 
bottom because of the differential expansion and contraction of the two 
layers. Poor bonding, temperature effects, and freezing may assist in 
bringing about such a result, but it is not necessary to assume their aid. 

Prevention of Orazing.—The experiments which have been discussed 
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show that crazing is caused by shrinkage of a cement surface which is 
drying faster than the main body of the concrete. It is not possible to 
change the colloidal properties of the hydrated cement but it is possible 
to diminish shrinkage by using a lean mixture. A lean mixture has two 
advantages: There is less colloidal cement to cause shrinkage, and the 
absorption of water through a lean mixture is much more rapid than 
through a rich mixture. The whole mass of a lean mixture expands and 
contracts more as a unit. On the other hand, a lean mixture may be so 
porous that it will disintegrate through freezing of the water contained in 
the pores. 

If a rich mixture must be used, an attempt should be made to protect 
it so that it will change its moisture content slowly and as infrequently as 
possible. Protective coatings are helpful. Integral waterproofings which 
are water-repellant are also helpful. As was shown in a paper in the 1926 
Proceedings of the American Concrete Institute’ very small amounts of 
insoiuble soaps are effective in reducing water absorption, and if the con- 
crete containing these soaps is given an opportunity to gain strength before 
it is dried out an entirely satisfactory strength may be developed. 

Conclusions.—Crazing is due mainly to the rather rapid evaporation 
of water from the surface of a rich cement mortar or concrete. The sur- 
face becomes dry and tries to contract but is restrained by the main body 
of the material which is still wet and swollen. The surface is thus put 
into tension and hair cracks form. The colloid of cement requires many 
months in water for its full development and the magnitude of the stresses, 
caused by alternations of wet and dry conditions, increases with the 
amount of colloid developed. The fact that hair cracks cannot be detected 
after the first alternation between the wet and dry state does not indicate 
that they may not be formed later. The same forces which cause hair 
cracks to form are also adequate to make them larger and deeper so that 
hair cracks may ultimately become structural cracks. 

Crazing may be prevented by using lean mixtures, and by keeping the 
moisture content of the concrete constant. It is immaterial whether the 
concrete is wet or dry so long as the moisture is constant. Protective 
coatings and integral waterproofings of the water-repellant type are help- 
ful. If integral waterproofings are used, care must be taken to keep the 
concrete damp until adequate strength is obtained, for after such water- 
proofed material has once become dry, it will absorb water only slowly. 


1 White and Bateman—Soaps as Integral Waterproofings for Concrete. Pro- 
ceedings American Concrete Institute, 22, 5385 (1926). 
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R. EH. Miris.*—it has been realized for some time that volume changes 
of cements and concretes are of great importance. However, reliable data 
concerning this phenomenon are few. Since the permanence of concrete is 
largely dependent upon the preservation of an integral surface, a more com- 
plete study of the effect and extent of the volume change is essential. 
Considerable data on crazing with especial regard to surface fissures appear 
in a paper in the 1926 Proceedings.’ > 

Two series of neat cement beams (2 in. x 2 in. x 24 in.) have been 
under observation and exposed to the air of the testing materials labora- 
tory, Purdue University, for about 314% yrs. Although the total life of 
these specimens is only about 1/5 that of Professor White’s specimens 
(Fig. 1), many of the characteristics which he discusses, with respect to 
volume change and crazing were found in the Purdue tests. 

All of these neat specimens developed considerable crazing during 
their initial drying out period of about 100 days following a period of 
moist curing. In the case of the first series of beams which have remained 
in the air of the laboratory, this crazing has progressed slightly to date. 
However, the second series of beams which has remained in water after 
220 days of drying in the air of the laboratory are firm and show no further 
indication of disintegration, 

Volume Change Neat Cement—tThe first series of tests of the two 
referred to above records the change in length of neat cement beams made 
from six different brands of cement. Hach brand filled the requirements 
of standard specifications. The beams have been exposed to the air of 
the laboratory for a period of 1333 days to date, subsequent to 10 days 
initial curing in water. The initial readings were taken 20 hr. after 
moulding. The individual behavior of the several brands of cement is con- 
fined to the first period of about 100 days, after which the movements of 
the several brands are approximately alike. The maximum initial con- 
traction varied from about 0.12 per cent to 0.23 per cent, giving a range 
of approximately 0.11 per cent for the various brands of cement. The 
beams seem to follow very closely the seasonal changes of the year, show- 
ing contraction in the warm dry air of the laboratory during the winter 
months, and expansion in the moist air and atmospheric temperatures of 
the summer months. The average total amount of volume change during 
the year is about 0.05 per cent. 


*Research Assistant, Engineering Experiment Station, Purdue University. 
1Extensibilitv of Concrete by W. K. Hatt. Proceedings, American Concrete 
Institute, Vol. 22, 1926. 
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A close inspection of the individual plotted observations indicates a 
small amount of permanent expansion, or growth to be taking place. All 
of the curves of expansion plotted from the data show approximately 0.02 
per cent of expansion during the last 1,000 days. 

The second series of tests of neat cements represents a sampling of the 
market six months later than the first series of tests. It appears that 
the several brands of cement maintain their relative position. 

The beams in this second series were allowed to cure for a period 
of 50 days in water, after which they were subjected to the dry winter 
air of the laboratory for 220 days. By the end of this drying period 
their contraction values varied from about 0.06 per cent to 0.15 per cent, 
giving a range of approximately 0.09 per cent for the various brands of 
cement. The specimens were then submerged in water and their expansive 
movements observed. To date they have been in water for a period of 
889 days and still show a consistent expansive movement. The average 
total expansion to date is about 0.20 per cent, and the range between 
various brands of cement is approximately 0.11 per cent. 

All of the values quoted for the Purdue tests are for volume changes 
following changes in moisture content only. Corrections have been applied 
for any variations in temperature or variations in the measuring equip- 
ment. No indication is made for the values reported by Professor White, 
whether they are the result of moisture changes alone or represent the 
effect of the combined variables. 

All of the data and observations reported by Professor White, as well 
as the Purdue tests so far discussed, deal either with neat cements or 
rich cement mortars. 

Similar tests of concrete have been under way at the Testing Materials 
Laboratory, Purdue University, for approximately 2% years. Observa- 
tions on the crazing of one series have appeared in the Proceedings.’ 
Observation for 30 years of concrete walls show no evidence that surface 
crazes will necessarily develop into fissures. 

Volume Ohanges of Concrete—In another series of tests on concrete, 
observations of volume change were recorded upon concrete beams (4 in. xX 
7 in. x 48 in.) made from three different coarse aggregates; gravel, lime- 
stone and slag. The concrete was mixed in proportions of 1:2:3, 1:24%:4, 
1:216:5 and 1:3:6. Two beams, both plain sections, were made for each 
condition of test. Additional blank beams were made from an average 
mix of each coarse aggregate in which thermometer wells were provided 
for obtaining temperatures of the concrete. 

The beams were removed from the forms 3 days after pouring. The 
gage plugs were then set, and the initial readings taken. The specimens 
were then placed between layers of wet burlap on the floor of the cement 
laboratory. After 14 days of such curing they were set upright in the 
air of the laboratory and allowed to dry for a period of 182 days. At 


1@xtensibility of Concrete by W. K. Hatt, Proceedings, Concrete Institute, 
Vol. 22, 1926. : 
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the end of this time their contraction movement had practically ceased. 
The beams were then immersed in water and saturated to a constant 
weight. The time required for this period was 130 days. This saturation 
in turn was followed by a second saturation period of 106 days, thus 
making two complete cycles of drying out to constant weight and satur- 
ation to constant weight. 

Observations of change in length and change in weight of the beams 
were made at intervals, depending upon the rate of change of the con- 
traction or expansion movements. ‘The measuring equipment consisted 
of a 20-in. Berry strain gage equipped with a 1/10,000 Ames dial. Cor- 
rections to these measurements on account of temperature variations 
were made on the basis of a temperature coefficient of 0.0000050 per 
deg. F. 

The various conecretes show an average value of contraction for the 
first drying period of 0.0389 per cent; this was followed by 0.0259 per 
cent expansion for the first saturation period. The second drying period 
followed by a second saturation period yielded values of 0.0223 per 
cent and 0.0213 per cent respectively. This would indicate that for long 
period was then followed by a second drying period of 255 days, which 
periods of drying followed by long periods of saturation in water the total 
expansion is less than the total contraction, leaving a residual shrinkage. 
While there is a residual shrinkage after a cycle of drying and saturation, 
no change in weight is indicated during the same cycle. Similar charac- 
teristics of concrete tested at the University of California are reported by 
Prof. Raymond E. Davis. This residual shrinkage of concrete would indi- 
cate a direct reversal of the results found in the case of neat cement. 
All of the neat cement tests show a consistent growing or expansive 
movement of the specimens when subjected to conditions of drying and 
saturation similar to that of the concrete. 

It is further evident from the various observations that the richness 
of mix has some effect on the volume changes of concretes. The richer the 
mix the greater the volume change. However, the changes in weight of 
the concretes is greater for the leaner mixes, although the differences 
between the various mixes is less pronounced than it was for the change 
in Jength. For example: A concrete of a 1:2:3 mix showed a contraction 
of 0.0438 per cent at the end of 182 days of drying in the air of the 
laboratory. A 1: 3:6 concrete showed a contraction of 0.0345 per cent for 
the same drying period. Corresponding values for loss in weight were, 
(1: 2:3 mix) 3.14 per cent and (1: 3:6 mix) 3.63 per cent. Similar 
differences between mixes were found for the saturation periods, the richer 
concretes expanding most and the leaner concretes showing the greatest 
gain in weight. 

It is evident from this series of tests that concrete does not exhibit 
the same characteristics with respect to expansion and contraction move- 
ments as does neat cement, and perhaps many of the other attributes of 
concrete are also at variance. A complete study of the cement is no doubt 
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an important step in the solution of many of the problems in concrete. 
However, any attempt to express the action of concrete in terms of neat 
cement, or rich cement mortars alone might prove erroneous or mis- 
leading. 

No doubt other factors with respect to the aggregate have an im- 
portant influence upon the volume changes of concrete. It has been 
noticed in other tests that the character of the aggregate as well as the 
graduation of the aggregate seems to exert an influence upon the resulting 
volumetri¢ changes. A more complete study of these several variables 
should prove a fruitful field for future research. 

F. N. Meneree (By letter) —The writer has long been interested in 
Professor White’s studies of concrete, and has read this new paper with 
considerable interest, adding the following by way of corroboration and 
substantiation, but from a different point of view: 

All water above the necessary amount to properly hydrate the cement, 
is theoretically excess. Any water above that amount is free water and 
under some conditions is apt to dry out. If it drys out when the concrete 
has set, shrinkage and microscopic porosity are the result. 

Shrinkage is the cause of the hair crack or crazing, and crazing is a 
good place for moisture from the elements to enter, thus producing its 
attendant corrosive effects, with varying degrees of undesirability. 

One way of getting a qualitative idea of the process which takes place 
in the drying out of the free water in concrete is to compare its surface 
with the surface of the bottom of a pond from which the water has evapo- 
rated, leaving the mud exposed. As the water recedes from the surface, 
capillary attraction of the water pulls in the direction of the receding 
moisture. It pulls down vertically, causing the surface layer of clay to 
become thinner, and it pulls horizontally, causing a shortening in the hori- 
zontal plane as well. Having little tensile resistance, the clay cracks up 
into irregular shaped areas a few inches across. Each of these little areas 
continue to shrink in all directions toward the center of moisture. Nat- 
urally it must shear away from the layer immediately underlying it, which 
as yet has not lost its free water. The upper or exposed surface is pulled 
downward and horizontally toward the center of moisture. It responds to 
the pull by shortening more than the bottom which is still wet and rela- 
tively unshrunk, and a saucer-like piece of clay results. The same process, 
although to a lesser degree to the naked eye, takes place in the drying of 
concrete and is the cause of crazing. It is the reason why sidewalks made 


by using a dry lean base and a rich wet top eventually separate along the | 


plane between the two courses by shear due to shrinkage of the top course. 
Sometimes the top course dishes up in a similar manner to the clay in the 
pond bottom. 

In contrast to this phenomena is the manner in which gunite behaves. 
It is mixed relatively dry and is spread upon the surface it is to cover, in 
very thin layers. Each layer has less shrinkage to do because of its lack 
of free water and the shrinkage, if any, takes place relatively soon. If 
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microscopic cracks form, they are partially filled with the blast of the 
next infinitesimal layer and, if there is any shrinkage, it has little or no 
chance to find any distinct plane of any appreciable extent over which to 
distribute its effect. The result is a much sounder, denser and permanent 
surface. 

Very few up-to-date cities now permit the placing of sidewalks or 
pavements in two courses of concrete, for the lower course is almost certain 
to be of a leaner mix—that is, less cement. With less cement there is less 
water and less shrinkage. In addition to-that, whatever shrinkage takes 
place is generally over with by the time the second coat is applied. The 
second coat, being richer, contains more water, and this evaporates, causing 
a relatively great shrinkage. This in turn, makes the upper course crack 
or shear away from the lower. 

Sometimes concrete is prevented from shrinking by the reinforcement, 
and hair cracks soon develop into structural cracks on the surface. This 
is particularly noticeable in ornamental objects made of concrete, such 
as bridge-spindles which have an hour glass shape, the crack being circum- 
ferential and coming at the small section. 

Crazing cracks continue to grow with the age of the concrete, particu- 
larly when there are intermittent changes in the moisture content of the 
air or of the concrete itself. Their depth can be measured by means of 
spreading oil or red dye over the surface, and then sectioning the specimen. 

P. H. Bates.—It is possibly desirable to emphasize several points 
Which have been but briefly covered in my paper or have not been men- 
tioned at all. The first of these refers to the cement used. Before we 
started the investigation we secured a large shipment of clinker. This we 
have been grinding from time to time to the same fineness, and using in 
all the investigations. It may be that this cement is of a nature that 
mortars made from it will not readily craze. However, we did make up 
several panels using other cements which did not behave, however, any 
differently than did panels made from the cement prepared from the 
clinker. But it should be borne in mind that undoubtedly different cements 
will have different crazing tendencies. 

At the bottom of the second page of my paper reference is made to a 
series of tests wherein immediately after making the panels the draft of 
an electric fan was passed over these until they had thoroughly hardened. 
The rapid evaporation produced by the blowing of the air over the wet 
specimens in no way whatever increased the tendency to craze. This was 
an unexpected result and seems to be contrary to what we have reported 
to us from the field. But it must be borne in mind that the wind blowing 
on stuccoed structures may be a hot dry wind or a hot humid wind, or a 
cold, dry wind or a cold, humid wind. Therefore a number of conditions 
may exist in the field, and the type of wind may produce decidedly different 
results. 

In the first series of panels the mortars were placed upon 2 non- 
absorbent bases, namely, a thin layer of rubber and a glass plate, in addi- 
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tion to placing upon a mortar base. These two distinctly different non- 
absorbent bases permitted of the mortar remaining plastic during the entire 
preparing of the specimen, and although a minimum amount of trowelling 
was used there was brought to the surface a certain amount of neat cement 
paste. When these specimens were later placed upon the roof they devel- 
oped crazing very quickly, but if you will examine the majority of them 
now you will find the crazing has either disappeared or is rapidly dis- 
appearing. This is not a new phenomena at all but is one that has been 
commented upon repeatedly and is referred to in some cases as the sanding 
of the surface, or the ability of the stucco to keep itself clean. The thin 
film of cement paste under the action of the weather is disappearing 
through solution and with its disappearance we have the appearance of the 
sanded mortar. The crazing has been only in the thin film of paste. This 
is in contradiction to some of the statements that Professor White empha- 
sizes, namely, that crazing is an indication of later failure of the concrete. 
Here we have the crazing disappearing with no evidence of failure of mor- 
tars and no evidence, even under magnification, of there being cracks in 
the mortars. . 

In the study of crazing the effect of workmanship must never be lost 
sight of. If a mortar is placed upon a base and but very lightly trowelled 
or worked, cracking or crazing may result in a very short time. In fact, 
generally cracking results along parallel lines, normal to the direction of 
trowelling, very quickly. This again has been noted by a number of people, 
particularly Mr. John J. Earley, and he has personally called my attention 
to the fact that thorough trowelling and compacting of stuccos or lime 
and gypsum plasters under the trowel will materially reduce the tendency 
to crack and craze. This has also been noted in some of our work. 

On Fifth Avenue, New York City, a few blocks above 42nd Street, is 
a very excellent example of the cracking of stucco due to insufficient work- 
ing. This is a church building of brownstone, and, as usual, the stone has 
spalled badly. The lower courses have been repaired by the characteristic 
brownstone stucco so much used in and around New York City. Due to 
the nature of the surface demanded, in repairing this spalled surface with 
the brownstone stucco thorough trowelling was not desirable. As a con- 
sequence there is the outstanding cracking. 

W. K. Harr.—tIn the engineering experimental station at Purdue Uni- 
versity, we have been working, for the past 4 years on matters relating to 
surface conditions of concrete—crazing, checking and cracking and ques- 
tions of the ability of concrete to undergo vibratory stresses and volume 
changes. We hope to publish our material this summer. 

We had rather large beams of concrete, some exposed in the air of 
the laboratory with a draft of hot air flowing on them all winter, and 
others subjected to contraction and expansion due to temperature and 
moisture changes in the outdoor air. Just as Mr. Bates found, the beams 
which were in the best condition were those that had been subjected to the 
blowing of hot air, i.e., a uniform condition rather than the alternating 
condition of the outside air. 
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We have tried to distinguish between so-called cracks and water marks 
and crazing. When people talk about cracks, they are not always talking 
about the same thing, and we have tried to define the differences between 
so-called crazes and small fissures which appear as water marks and struc- 
tural cracks which occur in reinforced concrete when the steel has exceeded 
its elastic limit. We have defined these differences by the width of the 
crack. 

We have worked on neat cement and also on concrete. We find about 
as Professor White found in his investigation that the neat cement beams 
(during the past 314 yr.) have grown in length, whereas that concrete in 
the same time has diminished in length with the alternating dryness and 
wetness. I think it is quite a long jump to search out the quantitative con- 
ditions of neat cement and apply them to concrete. To predicate failure 
upon the appearance of surface checks in deep cement beams of this size 
seems to me an unwarrantable conclusion. 

We have also gone ahead with reference to what happens to concrete 
under exposure. A good many crazes which we found on beams stored in 
the outside air were only in the surface film of the cement; they did not 
go down into the body of the concrete as fissures separating the cement 
from the sand. We also broke these beams in the laboratory to determine 
if these so-called surface fissures would produce a structural crack when 
the beam failed. In very few cases did they do so. 

MAXIMILIAN Tocu.—I had an idea that Professor White or Mr. Bates 
or Professor Hatt were going to discuss this subject. I mention this to 
demonstrate that while I did not know what was in the other papers I 
arrived at practically the same conclusions as the others. Our laboratory 
for the past year has been conducting a large number of practical experi- 
ments in order to determine, if possible, what the cause of crazing was 
and what remedy could be applied. 

The crazing of portland cement concrete is a problem that has dis- 
turbed engineers and contractors for many years, and it is always apparent 
either on the surface or on a side wall. Sometimes the blame is put on 
the cement and sometimes on the aggregate, but up to now the actual 
cause has probably never been thoroughly studied. 

The appearance of crazed cement may be either very fine hairline 
intercepting cracks or it may manifest itself in heavier fissures. From 
the studies made under my direction at our laboratory, it is quite apparent 
that the whole trouble is due to a physical reaction known as “surface 
tension.” 

In order to understand what “surface tension” is, it is best to explain 
this in simple language. For hundreds of years artistic painters have been 
troubled with the peculiar reaction that the fresh paint would not take 
hold of the undercoat but; after a few minutes, would begin to curl up and 
coalesce. Many mediums have been invented to overcome this particular 
effect, some of which have been quite successful. This inherent character- 
istic of fresh oil paint to form little drops and streaks over a freshly painted 
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surface, is due to what chemists and engineers know as “surface tension”; 
that is, the inherent ability of a liquid to form drops. Another more com- 
mon example is that of rain on a window-pane. The drops do not flow 
together and form one even sheet, but each drop has in it the inherent 
ability to coalesce or remain together until another drop is added and then 
by sheer force of gravity it flows down; but the window-pane is not uni- 
formly wet. 

Water is known to have a very great surface tension; in fact, it has 
a greater surface tension than many other liquids. If instead of water 
we sprinkle either alcohol or turpentine on a window-pane, drops would 
not form, but the liquid would wet the plate evenly. This is because 
materials like alcohol, turpentine and other volatile solvents have a low 
surface tension with an ability to combine and spread and not to coalesce. 

Following out that theory, a number of experiments were made with 
concrete, beginning with 6% gal. of water to the bag of cement and going 
up to 9 gal., with surprisingly uniform results. My attention was first 
called to this peculiar reaction after the Army and Navy Building at 
Washington had been constructed during the war, with feverish haste and 
in record time. This building is about 1,000 ft. long, entirely built of 
concrete, and the floors throughout the entire building had no cracks in 
the ordinary sense, but heavy fissures developed. In order to cast quickly 
and finish the job, an excess amount of water was used with the result 
that before a month crazing appeared and many of the floors have since 
been covered with linoleum in order to make them level. 

The inherent ability of water to contract within itself is the cause 
of crazing. It has been stated by many that 7 gal. of water is the 
maximum amount to be used to a bag of cement. I find that 6% gal. 
would produce much better results. But in my operations, 6% gal. of 
water, although sufficient to produce a very strong concrete, does not flow 
out of the mixer, and the fallibility of human nature is such that the 
man at the mixer will dump in extra water. 

This leads me to the question as to whether concrete is permanent or 
not. It is perfectly true that concrete has only been a stabilized material 
for perhaps 30 years, although it has been in use 75 years. This may be 
correct as far as the portland cement is concerned, but it must be borne 
in mind that cementitious materials which liberate lime have been in use 
for thousands of years and have been absolutely permanent. We have two 
gigantic structures, the Chinese Wall and the Roman Aqueduct which 
should give us the assurance that a lime bearing cementitious material 
will stand. Wherever concrete has failed it has been more or less due to 
extraneous causes, such as poor mixing, too much water and impure 
aggregates. 

I cannot agree that the present form of rotary mixer is by any means 
the best apparatus for mixing concrete. Now that we know more about 
portland cement and its hydration, it is time that we invent a mixing 
machine which will dump its contents when the minimum amount of water 
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is used. After all, there is no great difference between the mixing of con- 
crete and the mixing of heavy paste paints, or bakers’ dough. Neither the 
paint manufacturer nor the baker uses the type of mixer which is used 
for making concrete. The present type of mixer is an incentive to add 
more water than is necessary. 

In conclusion, it is very evident to me, that crazing is due to a 
sloppy mix, the excessive water on the surface having a tendency to 
coalesce from the surface tension and on drying out producing the crazing. 
This does not happen when the mix is fairly dry and properly troweled. 

MEMBER.—There seems to be a discrepancy between the results ob- 
tained by Professor White and by Mr. Bates. Mr. Bates suggests that the 
discrepancy might be due to differences between the different brands of 
cement. A slide shown by Mr. Hatt shows a large discrepancy between 
the different brands. In comparing the results, it seems there is a wide 
discrepancy in the drying out of the specimens. I assume that in the dry- 
ing of Professor White’s specimens there was a very slow drying cor- 
responding to what we would have on the job where the surface is dry and 
the main bulk of the material wet, so that the main bulk is expanded and 
the surface is in tension. Now a very slow process of drying may mean 
that the main bulk of the material dries out so slowly that the tension on 
the surface is not able to produce a crack. I think the gentleman should 
iron out the discrepancy between the experiments. 

P. H. Bares.—I interpreted Professor Hatt’s experiments to show 
that there was a very marked difference between the brands of cement. Is 
that true, Doctor? 

W. K. Hatr.—yYes. 

R. E. Davis.—I think all of us who have made anything of a study of 
volumetric changes in concrete appreciate that this is a very important 
subject. We understand that these volumetric changes must be constantly 
going on unless a concrete or mortar is immersed in water for a long period 
of time. In the materials testing laboratory of the University of Califor- 
nia, we have been carrying on a series of investigations along these same 
lines during the past four years. Our specimens have been concrete, 
cement mortars and neat cement. We have gone to considerable pains 
to remove certain variables. We have stored the specimens under con- 
stant conditions as regards humidity and temperature, having prepared 
special rooms in which to house our pets. At the present time we have 
something like 300 under observation. Without going into the details of 
these tests, I would like to call attention to the fact that, other things 
being equal, the difference in shrinkage depends upon atmospheric condi- 
tions. These specimens have been allowed to shrink under humidities of 
50, 75 and 95 per cent. We find that the humidity has a marked influence, 
both on the shrinkage and on the rate at which, they expand after they 
have been dried and placed in rooms of a given humidity. 

One very interesting series of tests was started last summer on the 
behavior of mortar in brick masonry. These tests have now been in prog- 
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ress during a period of six months. The same cement mortars have been 
cast in the form of bars in various types of molds and have also been used 
in brick pier construction. Those cast in waterproof molds and then re- 
moved from the molds have shrunk more rapidly than any of the others, 
and of course are continuing to shrink. Those cast in terra cotta molds 
and then removed from the molds at the age of two days, have likewise 
shrunk from the beginning, but at a less rapid rate. Those cast in terra 
cotta molds and left within the molds swelled for a period of time, about a 
month on the average, and then began to shrink, and are still shrinking. 
The mortars used in brick piers have been expanding during the six months 
and are still expanding, although at a much less rapid rate; doubtless 
they will soon come to rest and will then begin to shrink. 

Three sides of these piers are kept away from the air by means of 
waterproof building paper; the third side is exposed to the air. In opposite 
sides are strain gauge plugs so that the shrinkage of the side exposed to 
the air or the change in length of the side away from the air can be deter- 
mined. The side next to the air, while it swelled for about two months, 
is now shrinking, but the side not exposed to the air is still expanding at 
a fairly rapid rate. I think this behavior would substantiate what both 
Professor White and Mr. Toch have said. It may be due either to chemical 
or to physical causes. 

C. M. CHapman.—We frequently talk about the shrinkage and eX- wr. Chapman. 
pansion of concrete caused by changes in humidity, and about the effect 
of varying quantities of cement, or richness of the mix, upon volume 
changes caused by moisture, but little or nothing has been said here about 
the effect of the aggregate. 

Perhaps you have taken the aggregate into consideration, but if not, 
a very important element has been overlooked. The character of the fine 
aggregate has a very marked influence upon volume changes. 

A series of tests made in the laboratory of Dwight P. Robinson & Co., 
in 1923, gave some striking results in this respect. 

Mortar made with certain aggregate showed volume changes due to 
moisture of as much as four and a half times the volume change of mortar 
made with other aggregates. These tests were reported before the A. S. 
T. M. in 1924 and are recorded in their proceedings for that year. 


Stupy oF A METHOD FoR TESTING CONCRETE IN THE FIELD. 


By C. A. WIEPKING.* 


In 1926 Messrs. Clemmer and Burggraf published the results of their 
series of tests investigating the possibilities of using beam specimens for 
field tests on concrete.’’ The cantilever beam test was proposed to replace 
the test on the standard 6 x 12-in. concrete cylinder. The intention was to 
avoid the inconvenience entailed in sending concrete cylinders to the test- 
ing laboratory, and also the variations that commonly occur in compression 
tests. + 

It was appreciated that a saving of time and expense, as well as better 
application to field control of concrete, would be accomplished by adopting 
the beam test. The transverse test has been used in a number of places, 
and several highway organizations have employed it extensively for deter- 
mining the quality of concrete or the date for opening pavements to traffic. 
Several papers have been published giving the results of field experiences 
with the new method of testing. 

From the published articles concerning the transverse test, it appears 
that the size of beam generally used is 6x 8x30 in. Specimens having a 
cross section of 6x6 in. have also been used. The length of these test 
pieces could be reduced to 20 in., and one transverse test could then be 
made on each specimen. However, it has been found desirable to make two 
tests on each beam, for which a length of about 30 in. is necessary. 

The advantages of the transverse test are in the simple apparatus, the 
low test loads, and the fact that the testing can be done on the job, where 
the results may find immediate application. The fact that the men on the 
job can see the test performed and thus better appreciate the quality of 
the concrete, is of considerable importance. 

Considering the scheme in greater detail some unhandy features be- 
come apparent. If a 6x 8-in. concrete beam is to be broken at the 28-day 
age by means of a cantilever, the test load will be fairly large, if the con- 
crete is of good quality. Suppose, for example, that the concrete is to have 
a compressive strength of 2,500 lb. per sq. in. at 28 days. The modulus of 

rupture or beam strength is roughly one-fifth as large a number, or 500 Ib. 
per sq. in. A 6x8-in. beam laid flatwise (8-in. sides horizontal) has a 
“section factor” of 48 in.3, and the moment required to break the concrete 
is therefore 24,000 in.-lb. This requires a load of 333 lb. at the end of a 
6-ft. cantilever, or 250 lb. for an 8-ft. cantilever, or 200 Ib. for a 10-ft. 
cantilever. Testing such beams cannot be regarded as a simple job, because 
the load to be handled is too large, or the lever too long, for convenience. 


* Testing Wngineer, pens of Public Works, Milwaukee, Wis. 
_ Eroceauings of A. C. I., Vol. XXII, 1926, p. 304. 
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Long levers must be heavy, and therefore cumbersome, in order to be suffi- 
ciently rigid. 

Of course the test would be much easier to make at the 7-day age, 
because the strength developed by the concrete at that time is less. No 
difficulty will be encountered in the testing of weak mixes of concrete, even 
if the large beam specimen is used. 

The present-day trend is toward quality concrete, and a compressive 
strength of 2,500 lb. per sq. in. is not a high value. Mixes developing a 
strength of 3,000 lb. per sq. in. and more, at 28 days, are not uncommon. 
To test such concrete by means of a lever might become a difficult procedure. 

One of the most practical applications for a field testing scheme would 
be in determining the strength of high early-strength concrete. Such con- 
crete tested at ages of two to four days, would easily carry loads larger 
than those mentioned above. 

The weight of the 6 x 8 x 30-in. specimen is in itself a disadvantage. A 
concrete beam of these dimensions weighs just about 125 lb. On road jobs 
where the test can be made by clamping the specimen to the back of a 
truck, there may be no inconvenience in handling such test pieces. How- 
ever, most other construction jobs afford little space for making and test- 
ing these specimens, and it may not be convenient to handle test pieces of 
such weight. 

These considerations led to the question of whether a smaller test 
specimen might not be effectively used in the transverse test. It seems 
desirable to have a specimen which one man can conveniently carry from 
any part of the construction site to the location of the testing apparatus. 
Accordingly the 4x 6x 24-in. specimen was suggested, because such beams 
weigh about 50 lb. each, and the estimated testing loads are small enough. 
Due to the smaller size of cross-section, a length of 24 in. is sufficient to 
allow for two tests per specimen. 

The larger sizes of transverse test specimens should give valid results 
because a relatively large sample of concrete is contained in each. Choos- 
ing a smaller specimen involves the question of reliability of results, be- 
cause a smaller sample of concrete will be used in making each beam, and 
because a 4-in. width of mold might cause difficulties in puddling the con- 
crete. The tests reported herein were made to investigate, as far as possi- 
ble, these questions involving the two sizes of beams. The ultimate aim in 
this work is to develop an acceptable and reliable procedure which can be 
applied on any concrete construction job without expensive apparatus, and 
with only reasonable effort. 


PROGRAM OF TESTS. 


The series of mixes for this investigation was planned primarily to 
give a large number of batches of workable concrete of average richness, 
so that the uniformity of transverse test results on the 6x 8x 30-in. and 
the new 4x 6x 24-in. beams could be compared. 

Since the compressive strength has long been recognized as an im- 
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portant index of quality of concrete, the program called for compression 
tests on 6x 12-in. cylinders. The ratio of modulus of rupture to com- 
pressive strength was to be found for each size of beam. 

Provision was made for gravel and crushed stone as coarse aggregates, 
and for dry, medium and wet consistencies. One oversanded mix and one 
undersanded or harsh mix were included. Batches with different sizes of 
coarse aggregate were planned, because of possible differences in puddling 
the concrete into the molds. Trap rock, red granite, Oshkosh limestone, 
Madison sand and limestone screenings were designated for certain batches, 
because of the individual characteristics of these materials. 

A portion of the program was duplicated with 3-min. mixing instead 
of 1% min.; this did not lead to much difference in results, but it did 
add to the number of values used as a basis for comparison of tests. 
Enough beams and cylinders were made for 7-day, 28-day, and one-year 
tests; these specimens were cured under ordinary weather conditions. Ad- 
ditional pieces were made in a part of the program for 7-day and 28-day 
damp-sand curing. 

Three specimens of each kind were made for each variable at -each 
test age. A one-bag batch produced enough concrete for three cylinders 
and three of each size of beam. The specimens were marked according to 
a numbering scheme that spread the pieces from each batch among the 
several test ages. 

The schedule called for two tests on each beam. Accordingly each 
beam was inverted before the second test, to place the tensile stress on the 
opposite side from the original. Averaging the two results could be ex- 
pected to give more reliable values. 


BeAM TESTING APPARATUS. 


The apparatus for testing the beams was designed very nearly like 
the outfit described by Messrs. Clemmer and Burggraf in the paper pre- 
sented at the 1926 convention of the American Concrete Institute. A blue- 
print plan of the testing beam used by the Illinois Division of Highways 
was consulted to get the desired dimensions. Fig. 1 is a diagram show- 
ing the arrangement that was actually used. 

The rigid base or bench for clamping specimens was made by pouring 
a rich mix of concrete into a rectangular form built against a gravel bin. 
The resulting block of concrete was about 4 ft. long, 14 in. wide, and 4 ft. 
high. This made a bench of suitable height and heavy enough to resist 
overturning. The bolts for clamping specimens were anchored in the con- 
crete by means of steel plates bedded about 10 in. deep. A steel angle 
was bedded flush at the front of the bench to protect the concrete from 
wear and to act as a bearing edge over which the concrete would break. 

The first testing lever was 6 ft. long, as shown in the diagram. After 
the 28-day tests on the 6x 8x 30-in. beams came due, the loads were so 
large that progress in testing was slow and difficulties were encountered 
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in handling the required amount of steel shot and sand. A 12-ft, lever 
was built for use on the stronger specimens. The greater leverage reduced 
the load, but the new lever required more care in attaching it to the test 
beams. When the l-year tests were being made the 12-ft. testing lever 
was barely adequate, as it deflected considerably under the high loads 
required to break the concrete. 
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FIG. 1.—BEAM TESTING APPARATUS. 


MATERIALS. 


Cement.—The cement used in these tests was a mixture of three 
standard brands: Universal, Medusa, and Lehigh. Shipments of 40 sacks 
of each brand were obtained in the local market and the mixture was 
made by dumping from the different brands alternately one sack at a 
time into a tight galvanized iron bin. After six bags had been dumped 
into the bin the mass was raked to spread and mix it, and so successive 
layers were added and raked. Due to storing in the galvanized iron bin 
the cement remained fresh throughout the series of tests. Portions were 
drawn through a spout at the bottom of the bin as needed. 
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Each of the three shipments of cement was sampled before mixing, 
and the samples were submitted to the standard tests. It was found that 
each of the three brands met the standard requirements. A composite 
sample was taken from the mixed cement and this was also tested in order 
to furnish a check on the quality. 

Fine Aggregates.—Janesville torpedo sand from the local market was 
used in most of the mixes of concrete in this series. A sufficient supply 
for the entire series was kept in a separate bin, and samples were taken 
from time to time to determine the fineness modulus and check the uni- 
formity. Janesville sand is a well-graded fine aggregate; it is a typical 
southern Wisconsin sand. 

Madison sand, which was obtained from the pit on the university 
grounds, was used in only one mix of concrete. This is a rather fine sand, 


“ 


TaB_E 1.—Sreve ANALYsEs oF FINE AGGREGATES. 
en aeain nt ERNE ae ee IIe 


Per Cent, by Weight, Retained 
on Each Sieve 


Sieve No. 
Janesville Madison Limestone 
Sand Sand Screenings 
3.0 0 9.8 
15.6 0 34.3 
25.8 4.9 53.1 
39.0 13.3 62.4 
80.4 56.2 70.4 
96.4 90.1 81.0 
260.2 164.5 311.0 
2.6 1.6 3.1 


not suitable for use in important concrete work. It contains practically 
no particles larger than the 14-mesh size, 

The limestone screenings used in two of the mixes were obtained from 
the Lutz Stone Company, of Oshkosh, Wisconsin. This material was 
received in cement sacks and was used in the batches just as furnished by 
the above named firm. A considerable portion of the bulk in these screen- 
ings consisted of crusher dust, and the larger chips were about %4 in. 
in size. 

Table 1 gives the sieve analysis of each of the fine aggregates. 

Coarse Aggregates.—Janesville gravel was used in a number of the 
mixes of concrete. The supply was obtained in the local market, and it 
was screened out to three sizes and recombined as desired. In most of 
the mixes the three sizes were proportioned to produce an almost ideal 
grading. In some of the batches gravel of uniform size was used. ‘Table 
2 gives the grading of the different gravel combinations. Janesville gravel 
consists largely of dolomite. Most of the particles are round, but a small 
proportion of fractured material is included. 
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The Lannon stone was obtained from a Madison contractor who had 
a large quantity of.this material on hand for a construction job. Because 
this supply contained very small proportions of smaller sizes it was de- 
cided to use uniform coarse material in all except one of the Lannon stone 


TaBLE 2.—Typus or AaGreGcatTes; GRADING, WerIGHT. PER CuBIc Foot. 


Screen Sizes 
No. 1 Size is 14-in. round to 34-in. mesh. 
No. 2 Size is 3% to 34 in. 
No. 3 Size is 34 to 11% in. 


z 5 Weight c 
Name of Aggregate Source Grading Magee be ov Feb No 
Finz AGGREGATES 
Janesville Sand...... Janesville 8. & G. Co., Janes- 
Ville Wig hc coer eiceeiee 0 to Now4i cs deness.c) 206 115 1to14inel., 
16-20, 23 
Madison Sand........ University Bites wecwsasse3- OltopNon 4-0 sarene 1.6 105 15 
Limestone Screenings.} Lutz Stone Co., Oshkosh, Wis.| 0 to 14 in.......... éjeil 120 21, 22 
Coarsn AGGREGATES 
Janesville Gravel Janesville S. & G. Co., Janes- 1 part No. 1........ P 
Foes atits Wis Pitta 2 parte No. 2......:| }-%.80 105 1to6inel., 
PEC SEO ees Le SAS 3 parts No. 3....... 16, 17, 18 
: 
Janesville Gravel.....| Janesville S. & G. Co., Janes- ‘ 
Ville, Wi8oiic.ehee sk ata No. 4 to %in...... 6.0 100 11 
Janesville Gravel..... Janesville S. & G. Co., Janes- . 
Willes Wissnc-inante neces 3% to 34 in......... 7.0 100 12 
Janesville Gravel..... Janesville S. & G. Co., Janes- 
Ville: WSs cette nsnieuss an oe 3% to 144 in........ 8.0 100 13, 15 
Lannon Stone........ Lake Shore Stone Co., Lan- 
HON Wis soe ce eee % to1lWin........ 8.0 96 7to 10inel. 
Apart NOs cree 
Lannon Stone........ Lake Shore Stone Co., Lan- 214 paris No, 2)... 7.96 100 1 
ROR. WiISee cet esas 244 parts No. 3... 
¥ : A ‘ 1 part No. 1........ 
Red Granite......... Wisconsin Granite Co., Red | | 9 parts’Nos?. cs. 7 33 105 19 
Granite, Wis.........-.- Sisars NG Brie as 
fat lees te tan j 
Trap Rock....:;..... Trap Rock Co., Dresser i oN, Se ote Mia 750 105 23 
Junction; Washi nce elsilete 6iparts No.3... 02. 
1 14% . 
Limestone.........++ Lutz Stone Co., Oshkosh, Dae aa: |s.0 100 20, 22 
WAS: Sats sian castouie piovevotocera 2 parts 14 to 134 in. 


mixes. The Lannon material is a crushed grey limestone and is regarded 
as being of good strength and durability. 

The Red Granite used in mix number 19 was obtained from the Wis- 
consin Granite Company, from the quarry at Berlin, Wisconsin. The ship- 


218 METHOD FOR TESTING CONCRETE IN THE FIELD. 


ment of this material contained a range of sizes, so that it was possible 
to screen the material and recombine it according to an arbitrary grada- 
tion. The granite was incorporated into the program because it is a hard 
strong aggregate and its surface characteristics might affect the results 
of transverse tests. Crushed limestone was obtained from the Lutz Stone 
Company of Oshkosh, Wisconsin. The shipment consisted of three different 
sizes of material, in cement sacks, and therefore it was used in the batches 
according to a definite ratio of these three sizes. Trap rock for mix num- 
ber 23 was obtained from the quarry of the Trap Rock Company at 
Dresser Junction, Wisconsin. This material was also available in several 
sizes so that it could be screened and recombined. 

The above materials were selected for these tests because they are 
typical concrete aggregates in use in different sections in the state of Wis- 
consin. At the same time the characteristics of these materials are not 
alike and therefore a number of different conditions are brought into the 
mixes. ; 

Table 2 gives the weights per cubic foot of all the aggregates as well 
as the fineness moduli, size ranges, and numbers of the mixes in which 
they were used. 


PREPARATION OF MATERIALS. 


All of the aggregates were used in the air dry condition. The ma- 
terials were spread on the laboratory floor and occasionally raked, until 
all the excess moisture had dried out. Weight per cubic foot tests were 
made on the dry materials for use in computing batch quantities, and 
samples were taken for the sieve analysis. 

The Janesville sand was passed through a 14-in. round screen (equiva- 
lent to No. 4) in order to remove the larger pebbles, which were then 
added to the gravel. By this method a uniform well-graded sand ranging 
from a small proportion of dust up to the number four size was obtained. 
The coarse aggregates, except the limestone from Lutz Stone Company, 
were screened through a sieve that separated the material into three sizes, 
as listed at the top of Table 2. Material passing over the 114-in. screen 
was generally discarded. The three sizes of each aggregate were kept in 
separate bins until the time for proportioning the batch. Proper amounts 
of each size were weighed out as required. This procedure was followed 
to prevent variation due to the segregation that occurs when all sizes are 
.together in a single bin or pile. 


PROPORTIONING. 


The mixes in this series were generally proportioned 1: 2: 4 by dry 
volume. Knowing the weights per cubic foot of the dry materials, the 
desired quantities of sand and coarse aggregate were computed in pounds 
and the batches were weighed out accordingly. The water was weighed 
out in a bucket on a platform scale. 
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MIxINna. 


The concrete was mixed in a No. 0 Smith mixer run at a speed of 
28 to 30 r. p.m. The inside of the mixer was wetted and allowed to 
drain for about a minute béfore the first batch of each day. This pre- 
caution was taken so that the interior of the mixer would not have to be 
wetted by part of the mixing water from the batch.: The mixer was 
flushed with water and drained between batches. 

The dry batch of material was run from the scale hopper cart directly 
into the mixer and the water was added through the charging spout at 
the end of one-half minute of dry mixing. After the addition of the mix- 
ing water, the mixer was run for a minute longer, or for two and one-half 
minutes, according to the total time required by the mixing program. 
At the end of the mixing period the batch was dumped into two wheel- 
barrows and taken out to the molding platform. 


MOLDING THE SPECIMENS. 


The beam and cylinder specimens were molded on a level platform 
outside of the mixing shed. The beam specimens were made in steel molds 
which consisted of channel irons bolted together. Wooden separators were 
used in the channel molds so that beams of 24 and 30 in. length could be 
made. The beam molds were set up 6 in. wide by 8 in. deep for the large 
beams, and 4 in. wide by 6 in. deep for the small specimens. The cylinders 
were cast in 6x 12-in. steel pipe molds which had been set upon a level 
steel plate. All molds were properly clamped and oiled before any mixing 
was begun. 

The two wheelbarrows of material from the mixer were dumped upon 
a level platform which had been wetted to prevent absorption. The edges 
of the pile of concrete were shoveled to the middle in order to mix the 
batch. Portions were taken from different parts of the batch and poured 
into the two kinds of beam moids and the cylinder molds alternately so 
that all parts of the batch would be represented in each of the specimens. 

The cylinders were rodded in the standard manner using a ¥%-in. 
steel rod. The beam specimens were compacted by pushing a flat shovel 
down into the channel molds on each side, and by tapping the top surfaces 
with the edge of a trowel. The large and the small beams were molded 
in the identical manner. All of the specimens were troweled smooth after 
the concrete had settled for a short time. 


CURING. 


The specimens were removed from the molds on the day after pouring. 
Each specimen was marked with the mix number and then an individual 
number. The numbers were so arranged that the three specimens of a 
kind from any one batch were designated for testing at different ages. 
Some of the specimens were packed in damp sand immediately after re- 
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moval from the molds, and they were kept under sand until the seven 
or twenty-eight day test age. The sand pile was sprinkled every morning 
so that the sand surrounding the specimens would remain damp at all 
times. ‘ 

The specimens for dry curing were set in rows on strips of wood 
which had been laid on the ground. These specimens were not protected 
in any way, but they were raised off of the ground about 2 in. by the 
wooden strips in order to allow circulation of air under them and to pre- 
vent absorption of moisture from the earth. 


TESTING. 


At the proper testing age the specimens were moved into the mixing 
shed and weighed. The 6x 12-in. cylinders were measured for diameter 
and length and they were capped with plaster of paris to provide smooth 
flat ends for contact with the bearing plates of the testing machine. The 
cylinders were tested under a spherical head and the usual observations 
of maximum load and character of fracture were noted. 

The beam specimens were tested by means of the lever apparatus 
shown in Fig. 1. Each beam was bolted to the fixed support and width 
and depth were measured at the portion of the beam next to the bearing 
edge. The wooden testing lever was then fixed on to the specimen as shown 
in the figure, and the load of sand in the bucket was gradually increased 
by allowing sand to flow down from the hopper. When the specimen 
broke the flow of sand was stopped immediately and the bucket of sand 
was weighed on a platform scale. The specimen was unbolted and turned 
end over end; it was again bolted to the bench so that a second test could 
be made. Jn this second test the side of the beam which had been in 
compression was now the tension or upper side. The wooden testing lever 
was again attached and the new breaking load was determined. 

The 4x 6-in. beams were tested with the 6-in. faces vertical, or in the 
same position as they were molded. Thus the troweled surface was up in 
the first test on the beam and down in the second test. The 6x 8-in. 
beams were tested on flat faces, or with 8-in. faces horizontal. Thus the 
sides in molding were top and bottom in testing. After every break the 
broken concrete was examined to note what proportion of the aggregate 
had been fractured in the tensile and in the compression part of the beam. 

One short end piece of every beam was saved fora compression test. In 
case of slant or irregular fracture the broken end was chiselled approxi- 
mately square. Each end piece was capped in plaster of paris on both 
faces and tested in the usual manner. The load was applied to the faces 
that had been top and bottom in the mold. 

The information obtained on the beam ends was so irregular that no 
attempt has been made to exhibit the results in this report. The com- 
pressive strength values for the beam ends were in most cases considerably 
higher than for the corresponding cylinders; this was due to the low ratio 
of height to width, as compared to the corresponding ratio for the cylinders. 
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CoMPUTATIONS. 


The unit compressive strength was computed for each 6 x 12-in. cylin- 
der. The maximum compression load was divided by the actual cross- 


TABLE 3.—RESULTS OF TRANSVERSE AND COMPRESSIVE TuSTS. 


Materials: Mixed Cement; Janesville Sand; Janesville Gravel. 

Mix: 1:2:4 by dry volume. 

Curing: Outdoors, under ordinary weather conditions (August); some specimens protected under damp 
sand, as noted. 

Hach strength value in table represents average of results of tests on three specimens. 


Modulus of Rupture, | Gom- Strength Ratios 


Time lb. 

: . per sq. in. pressive 

ue Miving, siete Pid WC? \ Curing | Age =} ee 

i . per 
minutes 4x eae ay ten gai a8 aS) | Res 
1 1% 4-6 0.79 | dry 7 days 474.2 512.8 2971 | 0.160 | 0.173 
dry 28 days 555.7 584.4 3404 | 0.163 | 0.172 
dry 1 year 799.1 627.3 5480 | 0.146 | 0.115 
damp | 7 days 471.2 520.7 3046 | 0.155 | 0.171 
sand 28 days 646.0 694.0 4180 0.154 | 0.166 
2 14 3-4 0.87 | dry 7 days 451.4 502.8 2514 | 0.179 | 0.200 
dry 28 days 527.3 525.7 2882 | 0.183 | 0.182 
dry 1 year 784 .2 610.0 4120 | 0.190 | 0.148 
damp 7 days 451.2 465.8 2696 0.168 | 0.173 
sand | 28 days 603 .2 614.0 3757 =| 0.160 | 0.163 
3 1% 8-9 0.99 | dry 7 days 370.7 441.6. 2348 | 0.158 | 0.188 
dry 28 days 435.6 457.7 2000 0.218 | 0.229 
dry 1 year 676.8 517.3 4106 | 0.165 | 0.126 
damp 7 days 446.6 391.4 1895 | 0.236 | 0.206 
sand | 28 days viele | 506.4 2800 | 0.206 | 0.181 
4 3 Yy-W 0.79 | dry 7 days 483.7 553.4 2560 | 0.189 | 0.216 
dry 28 days 514.7 574.3 3444 | 0.149 | 0.166 
dry 1 year 803.3 618.0 4553 | 0.176 | 0.135 
damp | 7 days 484.3 497.3 2933 | 0.165 | 0.169 
sand 28 days 609.5 671.0 4337 0.140 | 0.155 
5 3 3~4 0.87 | dry 7 days 391.0 473.0 2206 | 0.177 | 0.214 
: dry 28 days 505.4 566.2 2714 | 0.186 | 0.208 
dry 1 year 608.6 647.5 4860 | 0.125 | 0.133 
damp | 7 days 460.2 454.6 2885 | 0.162 | 0.160 
sand | 28 days 625.4 598.2 4066 | 0.154 | 0.147 
6 3 8-9 0.99 | dry 7 days 365.2 378.7 1864 | 0.195 | 0.203 
dry 28 days 450.0 476.0 2247 0.200 | 0.212 
dry 1 year 649.3 569.3 3980 | 0.163 | 0.143 
damp | 7 days 437.6 453.4 2442 | 0.179 | 0.185 
sand | 28 days 543.0 542.8 3181 | 0.171 | 0.171 
Average Values.............+++ Rs Shae ols ete aeabey sie yaiweBPe aR Lele as tfeyoie arate casas ocahsetaKe seg evajere 0.172 0.174 


section area of the cylinder; because of the slight variation in diameter 
the area of each cylinder had been determined. Average compressive 
strength values were computed for each set of three cylinders of a kind 
at each age; these average values are given in Tables 3 to 6 under the 


symbol “S.” 
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The modulus of rupture was computed from each beam test. The 
maximum or breaking load in each case was multiplied by the lever arm, 
which was the distance from the loading bucket hook to the steel edge of 
the testing bench. To the resulting moment was added the correction fac- 
tor for dead weight of the testing lever, namely weight of lever times 
distance of its center of gravity from the edge of the bench. 


TABLE 4.--RESULTS OF TRANSVERSE AND COMPRESSIVE Txsts. 


Materials: Mixed Cement; Janesville Sand; Lannon Stone. 

Mix: 1:2:4 by dry volume. t : 

Curing: Outdoors, under ordinary weather conditions (September); some specimens protected under 
damp sand, as noted. E 

Each strength value in table represents average of results of tests on three specimens. 


aittane Modulus of Rupture, Com- | Strength Ratios 
Mix of | Slump Ib. per sq: in. pressive 
No. Mixing, in. | W/C | Curing Age Serene, 
: . per 
minutes os Soon ees sa.in. S| R/S | R,/S 
ae var an rome kor os lcs a 


dry 28 days 502.3 464.8 2192 | 0.229 | 0.212 
dry 1 year 737.2 772.3 3323 | 0.222 | 0.232 


damp | 7 days 410.2 399.4 1723 | 0.288 | 0.231 
sand | 28 days 619. 495.1 2607 | 0.237 | 0.190 


8 1144 8-9 0.99 | dry 7 days 273. 267.3 1206 | 0.226 | 0.222 
dry 28 days 379. 394.6 1651 | 0.230 | 0.239 
dry 1 year 671. 638.0 2542 | 0.264 | 0.251 


269.0 1099 | 0.236 | 0.244 
sand | 28 days 582. 459.7 2258 | 0.257 | 0.203 


2 
8 
4 
3 
damp 7 days 259.7 
0 
9 3 3-4 0.87 | dry 7 days 349.6 374.2 1553° | 0.225 | 0.241 
dry 28 days 400.6 459.3 1887 | 0.212 | 0.243 
3 
4 
2 
5 
0 
7 
9 
uf 


dry 1 year 777. 786.3 3090 | 0.251 | 0.254 


388.6 1563 | 0.206 | 0.248 
561.8 2817 | 0.219 | 0.200 


308.0 1838 | 0.207 | 0.230 
396.1 1778 | 0.238 | 0.2238 
690.0 2690 | 0.245 | 0.256 


309.2 1231 | 0.246 | 0.251 
456 7 20385 | 0.218 | 0.224 


damp 7 days 321. 
sand | 28 days 616. 


10 3 8-9 0.99 | dry 7 days 276. 
dry 28 days 424. 
dry 1 year 659. 


damp 7 days 802.§ 
sand 28 days 444. 


Average: Values’. cis < ong Stross aceigue NOoOs sleet em aoe ee a a 0.231 0.229 


The total breaking moment in inch-pounds as computed above was 


bd? 


divided by the “section factor” for the rectangular beam cross-sec- 


6 


tions, for each test. Actual measurements of b and d at the breaking seco- 
tion were used in these computations, because the. cross-sections of the 
specimens had some variation. The moduli of rupture computed in this 
manner were designated R, for the 4x 6x 24-in. specimens and R, for the 
6x 8x 30-in. specimens. The two computed values for each beam were aver- 
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aged to give a single value representing the strength of the specimen. 
Results were grouped for each set of three specimens of a kind. Thus the 
values in columns R, and R, in Tables 3 to 6 are averages for three beams 
or six tests each. Ratios of moduli of rupture (or transverse strength) 
to compressive strength were computed as recorded in the tables under 


TABLE 5.—ReEsULTS OF TRANSVERSE AND CompPREssIve Tests, CONCRETE 
WITH VARIABLE GRADING OF AGGREGATE. 


Materials: Mixed Cement: 
Janesville Sand (J) or Madison Sand (M). 
~S Janesville Gravel (J) or Lannon Stone (L). 
Mixing: All batches mixed 14 min. dry and 1 min. wet, for a total of 144 min., in a No. 0 Smith mixer. 
Curing: In molds one day; then placed on strips of wood and subjected to ordinary weather conditions. 
(August-September). 
Each strength value in table represents average of results of tests on three specimens. 


Materials Fine: Snel : Com- Sirens 
: : *),| pressive 

Mix Grging of Mix ness |Slump, ‘| th: Deredvin. Strength, 

Net lear eee oarse Ratio by |Modu-| in. | V/C) Age | ————| jp. per 

; Coarse| Aggregate | Weight lus 4x6/6x8] aq. in. 

Sand Agare- ee, ioe 8 Fi /S| Bo/S 

gate 1 2 


peers J |No. 4 to 34/1:2.3:4.0 | 4.76 | 2-3 | 0.94] 7days |396.1/403.2) 1863 |0.212)0.216 
in. 28 days |477.0|577.5| 2840 |0.168)0.203 
lyear |897.5|771.8] 5220 |0.172 


3% to 34 in.|1:2.3:4.0 | 5.40 | 3-4 0.94] 7 days |347.3/3873.1| 1914 {0.181 
28 days |468.3/576.0| 2938 |0.159 
lyear |840.8/687.2} 5250 {0.160 


34 to 1% in.|1:2.3:4.0 | 6.03 | 3-4 | 0.94] 7 days |366.5/343.7| 1391 0.263 
28 days |492.7/482.6] 2559 {0.193 
lyear |653.5|585.7} 3548 0.184 


PAL 


oy 


13} J 


qa 


EA 


0 
0 
0 
0 
0 
0 
0 
14) J 84 to 1% in.}1:2.3:4.0 | 6.03 | 3-4 0.94] 7 days |324.4/388.8] 1493 |0.217)/0 
28 days |422.1/516.2} 2479 |0.170)0. 
lyear |656.0|620.6} 3502 |0.187/0.177 
34 to 14% in.|1:2.1:4.0 | 5.66 9 | 0.92] 7 days |296.7|307.7| 1401 |0.212)/0 
28 days |338.1/396.9] 1867 |0.181/0 
lyear |559.3/612.2} 2920 |0.191/0 
0 
0 
0 
0 
0 
0 


No. 4 to 114]1:3.76:2.74] 4.59 | 44 | 0.87! 7days |344.0/420.9} 1432 0.240 
in. 28 days |435.7|464.2} 2565 0.170 
lyear |695.2/645.6] 4340 “|0.160 


No. 4 to 114]1:3.07:3.43) 5.10 6 | 0.87] 7days |416.8/482.2| 1970 0.211 
in. 28 days |524.9/516.8] 2642 [0.198 
lyear |662.2/700.6] 5166 |0.128 


18] J J |No. 4 to 124]1:1.15:4.95) 6.20 9 | 0.87] 7 days |262.9/338.7| 13883 |0.190)0.245 
ne ia 28 days |447.9|477.2| 1842 |0.243/0.259 
lyear |700.5|673.7| 3310 |0.211|0.205 


15| M 


oy 


ay 
eq 


16 


a 
x 


17 


“Strength Ratios.” These values were found directly from the average 
values in the tables, as indicated by R,/S and &,/S. The ratios thus com- 
pare the results of tests on the 4x6 x 24-in. beams and on the 6x 8x 30-in. 
beams, with the results of tests on the 6x 12-in. cylinders. 


DISCUSSION OF CURVES. 


Moduli of Rupture vs. Compressive Strength.—In Figs. 2 to 5 are 
plotted the strengths of all the 4x 6-in. beams and 6 x 8-in. beams, against 
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the strengths of the corresponding compression cylinders. Because of the 
diversion of results it was found desirable to plot the values for the gravel 
concretes on the first two graphs and the values from the crushed stone 
concrete on the next two. 

The dash line through the group of plotted points in Fig. 2 repre- 
sents the average ratio 0.172 of R,/S from Table 3. According to this 
ratio the modulus of rupture for a 4x 6-in. beam ig about 17 per cent of 
the compressive strength of the concrete. It will be noted that the 
plotted points follow the line fairly well. For low strength values the 


TABLE 6.—ReEsuLts oF TRANSVERSE AND Compressive Tests; ConcreTe 
Mave wits Various AGGREGATES, 


Cement: Mixture of 3 brands. Aggregates as noted below. 
Mix: 1:2:4 by dry volume. é ’ ; 
Mixing: All batches mixed 4% min. dry and 1 min. wet, for a total of 114 min. in a No. 0 Smith mixer. 
uring: In molds one day; then placed on strips of wood and subjected to ordinary weather conditions. 
(September and early October). 2 ; 
Each strength value in table represents average of results of tests on three specimens. 


Modulus of 
Materials ines upture, | Com- shasta 
: Grading of | ness [gum Ib. persq. in. Strength, 
aay => | Coarse “IModu- P, W/C| Age Ib. pe 4 
e Aggregate lus of 4x6/6x8] sq. in. 
Sand Coarse Mix Beam|Beam| 
Aggregate Ri | Ry 
19 |Janesville |Red Granite |No. 4 to 144] 5.66 | 3-4 | 0.87 7 days |372.6/417.3] 1544 
in. 8 days |522 8/484 .0 2652 
lyear |681.2/788.4] 3873 
20 |Janesyille |Lutz Stone 4 to 134 in.! 6.03 | 3-4 | 0.87 7 days |298.8|/341.7] 1502 
28 days |386.0/486.1] 2973 
lyear |737.5!732.2] 4393 
21 |Limestone|Lannon Stone No. 4 to 114] 5.70 3 1.18] 7 days |198.7]252.3 834 
Screenings in. 28 days |291.4|367.2] 1384 
lyear |467.8/535.3] 2062 
22 |Limestone|Lutz Stone YG to 134 in.| 6.16 3 1.18] 7 days }196.7/221 .9 859 
Screenings 28 days |340.6/338.2) 1545 
lyear /486.7/513.0] 2090 
23 |Janesville Trap Rock No. 4 to 114] 5.77 | 3-4 0.87) 7 days |297.1]297.6 1133 
in. 28 days |461.0/475.5 2196 
lyear |697 2/685.3] 3540 


points generally fall above the line, and for high strength values they 
fall below the line. Thig would indicate that the transverse strength of 
gravel concrete does not increase in direct ratio to the compressive 
strength. A similar trend is evident directly in Table 3, for the strength 
ratios R,/S are generally lower at the one-year age than at the earlier 
test ages. If the one-year ratios had been omitted in computing the aver- 
age, the ratio line would have been raised so that it would fit the plotted 
points in the lower range more nearly, 

The three plotted points representing the mix with Madison sand 
(shown by triangles) fall in the midst of the alignment, and the points 
in the strength range of 1,300 to 3,500 1b. per sq. in. in compression indi- 
cate good agreement between the transverse and compressive tests, 
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In Fig. 3 we have the relation between transverse and compressive 
strength for 6x 8-in. beams of gravel concrete. The alignment is nearly 
the same as for the smaller beams of Fig. 2, there being, however, a more 
pronounced deviation for high strength values. The average R./S ratio, 
0.174, is indicated by the dash line across the diagram. It is interesting 
to note that the 4x6-in. beams gave practically the same ratio as ob- 
tained from the tests on 6 x 8-in. beams. 

By superimposing Fig. 3 on Fig. 2 it would be shown that the two 
sets of results are in good agreement and both sizes of test beams give 
fairly consistent values for compressive strengths up to 3,500 1b. per 
sq. in. 

Results similar to those shown in Fig. 2 and 3 appear in a diagram 
published by the Laboratory of the Portland Cement Association in the 
Sept., 1927, number of “Concrete Highways and Public Improvements” 
magazine (inside front cover). A curve is drawn to show the relation 
of modulus of rupture to compressive strength. This curve agrees with 
the general trend of plotted points in Figs. 2 and 3, but falls a little below 
the center of the group. . 

Transverse strengths of 4x 6-in. beams of crushed stone concrete are 
plotted in Fig. 4 opposite the compressive strengths of the cylinders. Most 
of the points on this diagram lie close to the line representing the average 
ratio 0.231 from Table 4. A similar alignment is shown in Fig. 5 for the 
corresponding 6 x 8-in. beams, the average ratio represented by the dash line 
being 0.229. Comparing the two diagrams it is evident that the two 
types of beam specimens determined the relation with about equal accuracy. 

According to the strength ratios, crushed stone concrete may be ex- 
pected to develop higher transverse strength than gravel concrete of equal 
compressive strength. Evidently the bond of the mortar on the rough 
fractured faces of the crushed stone aggregate results in greater tensile 
strength, as reflected in higher moduli of rupture, than is obtained with 
gravel as the coarse aggregate. We may assume that the difference is 
entirely a matter of bond, because the same sand, and hence the same 
mortar, occurs in both sets of concretes, The difference in bonding quali- 
ties was evident when the fractured beams were examined after test. The 
crushed stone specimens generally showed tensile failure in a higher per- 
centage of, coarse particles than the gravel concrete specimens of the same 
richness and age. In the gravel concretes some of the pebbles would pull 
away without fracture, leaving smooth pockets that indicated lack of bond. 

Both the 4x 6x24-in. and the 6x 8x 30-in. beams indicate that the 
ratio of modulus of rupture to compressive strength is about 0.23 for 
crushed stone concrete and about 0.17 for gravel concrete. For aggregates 
whose surface characteristics differ from these materials we would no doubt 
obtain other ratios. 

By placing the diagrams for the crushed stone concretes over the 
diagrams for the gravel concretes we find that the plotted points fall in the 
same territory in the low strength range, but they diverge in the high 
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strength range. This suggests the idea that the modulus of rupture of 
concrete bears a rather definite ratio to the compressive strength at early 
ages and for the weaker mixes; in these cases the strength of the mortar 
evidently governs without dependence upon bond or surface characteristics 
of the aggregate. When the surrounding mortar is weak, fracture in the 
aggregate will not occur to any large degree, regardless of the surface 
characteristics of the pebbles. These considerations may explain why the 
moduli of rupture of gravel concretes do not increase directly with com- 
pressive strength for high strength values, as indicated by the deviations 
in Figs. 2 and 3. 
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Two extra dotted lines are drawn in Fig. 4 connecting the plotted 
points for mixes made with red granite and with trap rock as the coarse 
aggregates. Here again the low strength (7-day age) values plot in the 
group of points near the line representing the average ratio 0.231. But the 
points for higher strength show a deviation to the right, or to a lower 
ratio of modulus of rupture to compressive strength. Red granite and 
trap rock being hard and non-porous, we may say that the difference is 
due to bonding or surface properties of the coarse aggregate. The same 
tendencies are shown by the corresponding 6x 8-in. beams in Fig. 5, but 
the values are not as consistent as in Fig. 4. 

The values obtained on specimens made with Lutz limestone screenings 
and crushed stone plotted close to the line representing the average ratio, 


in each case. 
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The values of modulus of rupture (R, or R,) and of compressive 
strength S of the crushed stone concretes of Table 4 are generally less than 
the corresponding values for gravel concretes of equal water-cement ratio 
as given in Table 3. These differences are due to the fact that the crushed 
stone concretes were made in the month of September, in cool weather, 
whereas the gravel concretes of Table 3 were made in August, in warmer 
weather. At the one-year age the moduli of rupture for the crushed stone 
coneretes are higher than the corresponding values for gravel concretes. 

Strength-Age Curves; Damp Sand Curing.—Figs. 6, 7, 8 and 9 show 
the average transverse and compressive strengths of all of the mixes at the 
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DOTTED LINES FOR DAMP SAND CURING. ) 


three testing ages. The solid line in each case represents the change in 
strength for dry-cured specimens and the dotted line indicates the strength 
for the corresponding specimens cured in damp sand. The upper section 
for each mix gives the results of tests on the 6 x 8-in. beams, the middle 
section the results of tests on the 4x 6-in. beams and the lower section the 
results of tests on the corresponding 6 x 12-in. cylinders. 

We note an increase of strength with age in all of the diagrams. This 
increase is not the same in all cases, although many of the curves show 
similar tendencies. The lines representing compressive strength appear to 
be the more nearly consistent. In Mix No. 3 there is a discrepancy due to 
a low compressive strength at 28 days. The values of modulus of rupture 
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from 4x 6-in. and 6x 8-in. beam tests show an increase of strength with 
age for each mix, although the rates of increase are not always alike. 
Specimens of mixes 1 to 10 were cured in damp sand for test at 7 and 
28 days, with results as indicated by the dotted lines. The strength in- 
creases for these specimens were generally much greater than for the cor- 
responding dry-cured specimens, and the rates of increase were usually 
nearly the same for the different mixes and for the three types of speci- 
mens. In many cases the 7-day strength was practically the same for 
damp sand and for dry curing. Some irregular results are present in the 
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tests, as evidenced by lower i-day strength for damp sand-cured specimens 
than for the corresponding dry-cured specimens. 

Relation of 7-day to 28-day Strength.—An attempt has been made to 
relate the 7-day and 28-day strengths of specimens in these tests, in view 
of the paper presented by W. A. Slater at the 1926 convention of the 
American Concrete Institute. Fig. 10 shows the relation between strength 
at the two ages, first for compressive strength, and then for moduli of 
rupture for the two types of beams. 

Mr. Slater suggested the equation: 


fe=f+ 30 vy f 
for finding the 28-day strength f’, from the 7-day strength f. He showed 
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that the equation gave satisfactory results for concrete cured under normal 
conditions. 

The curve of the above equation is reproduced in the first section of 
Fig. 10, as the solid line. Some of the points representing specimens cured 
in damp sand fall near this line, but most of them fall below it. Thus the 
28-day strength developed in damp sand curing was usually less than 
would be expected according to the 7-day results on the basis of the above 
formula. A few of the points for dry-cured specimens fit the line, but 
most of them are low, as would be expected. Perhaps the sand curing 
ought to be conducted by keeping the sand in a saturated condition rather 
than merely damp, if the quality of the concrete is to be checked by deter- 
mining its strength-gaining capacity. 

The dotted lines on the three parts of Fig. 10 serve to show the trend 
of strength increase in the concretes of this test, and also to compare the 
three types of test. Except for two stray points on the plot of 4.x 6 x 24-in. 
beam tests, the three diagrams show about the same relation between 
28-day and 7-day strength. By conducting an adequate series of tests 
under standard curing conditions it may be possible to show a definite 
relation of 28-day modulus of rupture to 7-day modulus of rupture. Per- 
haps such a series would lead to the determination of a constant to replace 
the factor 30 in the formula fe. =f+ 30 yf so that Mr. Slater’s formula 
might be applied to the beam test. 

Damp sand curing on the job may be satisfactory for determining the 
quality of concrete as poured, and it may serve as a substitute for moist 
closet curing in this respect. However, much of the practical application 
of the transverse test will be in determining the strength actually devel- 
oped in the concrete after pouring. For such work the specimens should 
be cured as nearly like the concrete in the construction as possible. When 
the concrete is merely allowed to set in the forms and then dry out, with- 
out any attempt at curing, the resulting strength relation may be as indi- 
cated by the dry-cured specimens of this series, as shown in Fig. 10. 

Effect of Grading and Size of Aggregate.—Strength values from the 
three types of test specimens are shown in Fig. 11 opposite the fineness 
moduli of the mixes. The data are taken from Table 5, in which the mixes 
of varying gradation are listed. The water-cement ratio is practically the 
same for all the mixes in this set. 

At the 7 and 28-day test ages the moduli of rupture for the two sizes 
of test beams show the same strength variation that is indicated by the 
compression tests. However, the one-year results are not in as good agree- 
ment; the discrepancies may be due to the variable conditions encountered 
in year-round outdoor curing. 

Mix No. 11 was made with gravel ranging from No. 4 to % in. in size; 
this produced a workable mix which could be easily puddled in the 4x 6-in. 
beams, and certainly in the other molds. Mix No. 12 was made with 3% to 
%4-in. gravel; still a workable mix. Having the same water-cement ratio 
as Mix 11, this gave practically the same strengths, for each the three 
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types of specimen. Mix No. 13 had gravel ranging from % to 1% in. in 
size; due to the gap in gradation it gave a somewhat lower strength, in 
all cases, than the other two batches of equal water-cement ratio. Mix 
No. 14 checked the results of No. 13 closely, the coarse uniform gravel 


being replaced by coarse uniform crushed limestone, with a mortar of 
medium strength. 
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FIG. 11.—BEAM STRENGTH AND COMPRESSIVE STRENGTH FOR MIXES HAVING 
DIFFERENT VALUES OF FINENESS MODULUS. 


The use of Madison sand in Mix No. 15 resulted in low strength, 
because of the poor quality of mortar due to the excessive fineness of the 
sand. The two sizes of beams and the compression cylinders showed re- 
duced strength for this mix, in equal measure. On account of the extreme 
gap in the grading due to the combination of fine sand with uniform coarse 
gravel this was a mix that easily segregated; still no difficulty was en- 
countered in molding satisfactory test beams and cylinders. 
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Mix No. 16 was oversanded and the resulting weak mortar produced 
low strengths in all the specimens. The amount of sand was a little less 
than the gravel in Mix No. 17; this concrete gave higher strength in most 
of the tests than other batches of equal water-cement ratio. Mix No. 18 
was undersanded, and it gave erratic results because of insufficient mortar 
to fill the voids in the gravel; this mix was harsh and the specimens were 
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FIG, 12.—THE EFFECT OF WATER-CEMENT RATIO ON THE TRANSVERSE STRENGTH 
AND ON THE COMPRESSIVE STRENGTH OF CONCRETE. 


difficult to make. It is interesting to note that Mix Nos. 11, 12 and 17, 
for which the fineness modulus was within the “workable range” (about 
4.75 to 5.5) gave the highest strengths of all the mixes in this part of the 
program, as shown in Fig. 11, in all of the tests. 

Effect of Water-Cement Ratio.—Twenty-eight-day test results for dry- 
cured specimens of 114-min. mix and varying water-cement ratio are shown 
in Fig. 12. The plotted points are of such alignment that a curve can be 
drawn showing the relation of the water-cement ratio to the strength of 
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these specimens. The curves for the beam tests are of the same shape as 
the curve for the compression cylinders. The plotted points agree with the 
alignment about equally well in the three cases. Each number next to a 
plotted point represents the number of the mix. Number 15 plots low in 
each case, it being the Madison sand mix of poor gradation, and therefore 
weak in all tests. Mix No. 17 fits the curves; it is the well-sanded mix of 
Fig. 11. Mixes Nos. 16 and 18, of the same water-cement ratio as No. 17, 
fall below the curves; they are the over-sanded and under-sanded mixes, 
respectively. 

The original water-cement ratio curve A from “Design and Control of 
Concrete Mixtures” is shown as the dotted line in the lower part of Fig. 12. 
It is evident that the strengths in this series of tests are generally higher 
than the values given by Abrams’ curve, with an upward deviation for low 
values of w/c. 

An attempt was made to use a strength ratio for fitting the original 
water-cement ratio curve to the values of modulus of rupture for the two 
sizes of beams. However, no agreement between the two lines could be 
established. The dotted lines in the upper and middle sections of Fig. 12 
represent the compressive strengths from curve A multiplied by the arbi- 
trary factor 0.20 as a strength ratio. Inasmuch as the dotted and full- 
lined curves are not parallel, it appears that the ratio of modulus of rup- 
ture to compressive strength is not the same for high and for low values 
of w/c. The true relation is a problem of mortar strength, bond and aggre- 
gate characteristics. If the transverse test is to be used practically in 
connection with the water-cement ratio method for control of concrete, 
then it will probably be necessary to make up a modulus of rupture water- 
cement ratio curve from extensive tests, like the original Abrams’ curve 
for compressive strength. 

Some of the results presented in the tables and diagrams in this report 
are inconsistent, as individual values are frequently in error. When erratic 
results enter the comparison between transverse and compressive tests, the 
transverse test values are subject to suspicion. Wide acceptance and long 
application have established the compressive test as the criterion for prac- 
tically all of the qualities of concrete. However, it is a question whether 
the transverse tests do not reveal the fundamental properties of this mate- 
rial in a more definite manner than do the compressive tests. 


RECOMMENDATIONS; RESUME. 


The 4x 6x 24-in. beam can be used effectively for testing concrete of 
workable consistency having a maximum size of aggregate of 14% in. A 
small amount of material up to 2 in. might not interfere with the manu- 
facture of good specimens if the mix is workable. For larger-sized aggre- 
gates a correspondingly larger beam should be used, but always with 
greater depth than width so that the concrete will have enough bulk to 


puddle easily. 
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Since practically all concrete construction requires a workable mix, 
no difficulty will ordinarily be encountered in molding the small-sized 
beams. Reinforced-concrete columns, beams, floor slabs and piles call for 
aggregates of a size range that can be puddled properly in 4x 6-in. 
specimens. 

Some 6x 12-in. cylinders for compression tests should be made for 
comparison with beam tests. As soon as the requirements for the beam 
test have been established, it will be necessary to send cylinders to the 
testing laboratory only occasionally for check purposes. ' 

If a minimum test load is desired for ease in handling, the 4 x 6-in. 
beam may be tested flatwise, that is, with 6-in. faces horizontal. 

The following is a table of approximate beam loads for various 
strengths of concrete and sizes of beam, based on an assumed strength 
ratio of 0.17 (modulus of rupture to compressive strength) : 


TABLE 7.—APPROXIMATE VALUES OF LOADS IN BEAM TESTS. 


Strength, Pounds per Test load required at end of 6 ft. lever 
Square Inch 


4in.x6-in. 4in.x6-in. 6in.x 8-in. 


W/C Compression Modulus of Beam Beam Beam 
Curve A Rupture R flatwise on edge flatwise 
0.70 3,600 612 136 204 408 
0.80 3,000 510 113 170 340 
0.90 2,500 425 95 142 284 
1.00 2,000 340 75 Is 226 
1.10 1,700 289 64 96 192 


The ratios of modulus of rupture to compressive strength for gravel 
concrete and for broken stone concrete may be assumed to be 0.17 and 0.23 
respectively, unless tests have been made to determine the ratios directly 
for the particular aggregates under consideration. If specimens are to be 
cured in damp sand for determining the quality of concrete, then the sand 
pile must be saturated in order to give conditions which will lead to 
strength values such as obtained in moist closet curing. 

When it is desired to determine the strength actually developed in the 
structure, it is imperative that the test specimens be cured adjacent to 
the poured concrete which they represent, and conditions surrounding the 
test specimens must be as nearly as possible like the conditions governing 
the rate of strength increase in the structure. Differences due to exposure 
of the test pieces and due to massiveness or thickness of the structure 
should be kept in mind. The concrete in the structure generally has a 
better chance to develop strength than the concrete in the specimen, and 
therefore errors due to test conditions will be on the safe side. 

The practical value of field testing depends largely upon the prompt- 
ness with which the results are made available. Any improvement in prac- 
tice due to more convenient and more simple equipment and due to stand- 
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ardized procedure will lead to corresponding benefits to the manufacturer 
of the concrete and to the ultimate owner of the construction. 

Transverse test values are a direct measure of the strength of the 
structure in the case of road slabs. For constructions in which tensile or 
transverse loadings are of secondary importance, the values of modulus of 
rupture from beam tests can be used as indirect measures of quality, by 
means of the strength ratio R/S. 
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Discussion.—TEstTING CONCRETE IN FIELD. 


Hersert J. GILKEY.—This paper contains much of interest and value. 
The writer desires to comment briefly upon the portion of the paper that 
pertains to age and method of curing specimens. As regards the general 
content of the paper, this is but a minor and subordinate feature. 

In practically all, if not all cases, the one-year tests of air-cured 
specimens show strengths considerably above the 28-day strengths, either 
moist cured or air cured. This showing is liable to give what the writer 
believes to be a wrong impression, to some at least. As the author states 
in the paper, the one-year air curing did not mean_exposure to dry air 
for the full year. Atmospheric moisture (fog, rain, snow, etc.) doubtless 
furnished considerable moist curing during the year. Moreover, the speci- 
mens were probably quite air dry at time of test and would therefore show 
up stronger than the same specimens tested moist. There is much to be 
said in favor of testing specimens in the same condition as the concrete 
that they represent, but it would also be very interesting to know (1) 
What strengths companion specimens to these air-cured one-year specimens 
would have given after a few hours or a day in water just prior to test; 
(2) What strengths companion specimens moist cured for the full year and 
tested wet would have shown. 

The fact that the natural moisture from the elements and from the 
subgrade (the latter not present in the case of these specimens) aids 
greatly in the ultimate curing of pavements, sidewalks and other exposed 
construction, has doubtless been a real factor in producing good structures 
in spite of frequent neglect as to the initial curing period and method. 
The same compensating factors are not present in the case of most inside 
construction. Any strength not acquired in the short period of initial 
curing in an indoor structure is likely to be permanently missing. More- 
over, a pavement is liable to get its most severe test at a fairly early age 
and when it and the subgrade are in a saturated condition. 

The closeness of strengths of 7-day specimens moist cured and air 
cured was mentioned. This is a very natural thing. The 7-day air-cured 
specimen has probably not dried out fully enough to entirely halt normal 
strength gain, so it differs little from the moist-cured 7-day specimen in 
status. Insofar as it has dried out the strength has been increased by 
mechanical hardening due to drying, and this probably offsets any loss in 
strength due to interrupted curing. An accurate measure of the efficiency 
of curing methods must of necessity be obtained from fairly long-time cur- 
ing tests after strength gain due to normal curing has become quite gradual. 
Otherwise, the added curing of the moist specimen tends to be offset by the 
added strength due to drying of the other. The strength from the added 
moist curing is more or less a permanent asset, while that due to drying 
is temporary since a short period of soaking will bring the specimen back 
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to the saturated strength. There have been a number of instances in which 
this unrecognized overlapping of opposing factors has been a source of 
misleading interpretation of test data. 

There are serious gaps in our knowledge of curing. From very limited 
data and random sources there is considerable evidence to the effect that: 

(1) At some humidity concrete exposed to air will neither in- 
crease nor decrease in strength after once it has dried to approximately 
‘constant weight for that humidity. 

(2) At humidities above this the concrete will slowly absorb 
moisture from the air and there will be a gradual strength increase 
due to continuing hydration. 

(3) At, lower humidities (drier air) there is a gradual falling 
off of strength, the reasons for which are not at present known but one 
of which is possibly a gradual deterioration of crystal structure. 

(4) Oven drying at even relatively low temperatures causes appre- 
ciable falling off of strength, and it is therefore not feasible to attain 
the added strength of dry concrete over wet through a process of oven 
drying. The explanation for this when found will probably be closely 
allied to that for (3). 


It is the writer’s feeling that these four tentative facts define a need 
for an investigation designed to: (1) Check them; ascertain whether or 
not they are correct statements of fact; (2) Define their measure, i. e., 
evaluate the extent of the effects and find the range over which the speci- 
men may remain at constant strength; (3) Ascertain whether all cements 
and mixtures are subject to similar changes under similar conditions; 
(4) Co-ordinate the flexural and the compressive tests with regard to these 
several factors. The present paper furnishes some excellent elementary 
data for a preliminary comparison. 

As will be readily recognized, such work as has been suggested could 
only be undertaken in an unusually well-equipped laboratory. Accurate 
humidity control requires much in the way of specialized equipment. 
Prof. Raymond E. Davis, of the University of California, has been doing 
some work much of which will doubtless throw light upon some of the 
questions raised. 

It is apparent that the present discussion has been somewhat apart 
from the intent, scope and data of Mr. Wiepking’s excellent paper. Never- 
theless the data of the paper furnish evidence of the need for more knowl- 
edge along the lines discussed. No portion of the discussion is intended 
as a criticism, by inference or otherwise, of any part of this paper. Parts 
of the discussion may assist in the interpretation of some of the data. 
In a variety of places there is available some literature upon the topics 


mentioned.” 


1 Proceedings, A. C. I., 1926, pp. 395-436 ; Proceedings, Am. Soe. C. E., Jan., 
1927, pp. 79.93: Transactions, Am. Soc. C. E., Vol. 91 (1927), pp. 153-167 ; 
Engineering News-Record, Dec. 1, 1927, pp. 879-880 (P. J. Freeman) ; Proceed- 
ings, A. S. T. M., 1927, Vol. II, p. 331 (P. H. Bates) ; Proceedings, A. S. T. M., 
1927, Vol. Il, pp. 424-428 ; Bulletin No. 43, Univ. of Washington Eng. Experi- 
ment Station (A. L. Miller and H. F. Faulkner). 


THE CARRYING CAPACITY OF SEMICIRCULAR HOOKs. 
. By T. D. Mytrea.* 


1, Introduction—From almost the beginning of reinforced-concrete 
construction, anchorages for the ends of the bars have been used. The 
tie-rods and vertical hangers of bowstring arches, the reinforcing bars in 
the corners of rigid frames and bents, and the bars in beams of variable 
depth all furnish examples where the use of anchors is obviously necessary. 
It is in these cases that anchors are put to their most severe use, for it 
is here that they must develop the entire stress in the bars and do so 
without slip. 

In the case of ordinary beams it was early realized that the member 
was stronger if the bars were anchored, and the idea of increasing the 
safety of a structure by the use of anchors is found in the earliest. works 
on the subject. Thaddeus Hyatt, for example, in 1876 and 1877 tested 
beams in which anchors were employed. He got his best results from 
beams in which flat main reinforcing bars were bent up at right angles 
at the ends, each end of each bar being provided with a small knob similar 
to a bolt head. Hyatt’s designs were based on a vague notion as to the 
interaction of steel and concrete; yet to this day the design of anchorages 
has remained largely a matter of guesswork. The problem is not confined 
to the pull-out strength of an anchor, but is “intimately associated with 
bond strength, bar strength, and slip of bar. 

While the factors of tension, compression, and shear have been reduced 
to a fairly satisfactory approximate basis for purposes of design, bond and 
anchorage are factors which will bear much study. Important as it is, 
many designs may still be found in which bond seems to have been wholly 
neglected. It was suspected by W. F. Scott as early as 19071 that the 
bond in beams is not distributed in the manner indicated by the usual 
bond formula, and the experiments of Bach? and Abrams®* fully demon- 
strate that such is the case. Jt was found that unanchored bars slipped, 
that when anchors were used these anchors were subject to stress, and 
that such anchors tended not only to prevent bond failure, but secondary 
failures resulting from slip. It seems only reasonable, for example, when 
to the natural elongation of the tension side of a beam is added an incre- 
ment due to end slip that tension cracks will penetrate much further into 
what would normally be the compression area of the beam. 

The question of anchorage in beams naturally falls into two parts; 
first, how much stress is carried by the anchor, and, second, what con- 


* Professor of Building Construction, Carnegie Institute of Technology. 
1 Transactions, A. S. C. B., Vol. LXXIII, 1910. 

?Deutcher Ausschus fur Wisenbeton, Hefts 9 and 10, 1911. 

* University of Illinois, Bulletin 71, 1913. 
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stitutes an effective anchor? The first part of the question has been given 
various answers, in each successive case the answer being larger. It is 
not the purpose of this paper to enter into a discussion of this phase of © 
the subject beyond making the following two statements. With steel of 
high elastic limit it is possible for the stress at the anchor to be almost 
as high as at midspan before passing the elastic limit, and w#th the use 
of higher working stresses more and more dependence must be placed upon 
anchorage. Secondly, it is not much more difficult to devise an anchor 
capable of carrying a high stress than one carrying a low stress. The 
writer is in favor of anchors capable of carrying the higher stresses. 

The question of what constitutes an effective anchor is one about 
which there has long been a diversity of opinion, and many forms have 
been devised. In this country, possibly as a result of Hyatt’s tests and 
the ease of fabrication, the simple right angle bend has had the greatest 
favor. European thought on the subject is very well represented by the 
following quotation from E. P. Goodrich’s translation of “Der Eisenbeton- 
bau” by Professor E. Morsch, 1908. 

“The ends of reinforcing rods should always be made with a hook so 
that sole dependence is not placed on friction or adhesion. For this pur- 
pose the shape of the hook is of importance. The form commonly em- 
ployed, of a simple right-angle bend, is not very effective when surrounded 
only by a thin concrete slab, as is often the case at the ends of beams. 
In such cases the ends should rather be given a larger bend of as much 
as 90 deg. Considére, in the French section of the International Society 
for Testing Materials, reported a new form of the end hook, which should 
be immediately adopted in practice. By bending the end into a half circle, 
to which a short straight piece may be added, the principle of rope fric- 
tion is employed and a greater frictional resistance is produced on the 
inner side of the bend, since the hook will be pressed hard against the 
concrete. . . . These hooks possess the further merit of not depending to 
any great extent upon the character of the concrete or the care given the 
work, since a rope-like friction is secured by the large curve of pressure. 
This pressure naturally should not be too large, since then a crushing of 
the concrete results. According to Considére, the best results are secured 
by giving the semi-circular bend a (clear) diameter about five times that 
of the rod.” \ 

The report of the First Joint Committee on Concrete and Reinforced 
Concrete, presented in 1916, contains the following statements: ‘Adequate 
bond strength throughout the length of a bar is preferable to end anchor- 
age, but, as an additional safeguard, such anchorages may properly be used 
in special cases. Anchorage furnished by short bends at right angles is 
less effective than by hooks consisting of turns through 180 deg.” 

According to the report of the New Joint Committee a “special anch- 
orage” is considered satisfattory if it provides for a stress equal to one- 
third the maximum working stress by means of an added length of embed- 
ment, either straight or bent, on condition that the radius of bend be not 


242 THe CARRYING CAPACITY OF SEMICIRCULAR HOOKS. 


less than four bar diameters. This provision of a minimum radius of 

bend is quite in line with the opinion of Morsch. Quoting again, “As is 

shown by the beams . . . of the author’s experiments, it is necessary to keep 

at a low value the compression of the concrete at the bend of the rod. 

With f, = 14,223 Ib. per sq. in. (translated from metric figures) and p 
e 


TasLe I.—Rusutts oF tHe Rusparca Uron Bonp STRENGTH AND 
Hook Resistance (SALIGER). 


Tensile Force, *Max- asc” 
Sl eDesDiame in metric tons imum kaglocm Z 
Speci- |scrip-| eter of Bar | "| Ratio of Appearance at Failure 
men | tion | Hook | : 5; Stress, Loads Carried 
First |Failure,|Failure, jin terms fe u 
Crack} Each |Average] of f’c 
AH /MSts) 4 sot ae 3.60] 3.60 AV, (e202 4002 1808 Ae eee Vertical crack. 
LD} 4.68] 4.68 3.26 | 583 | 23.4 Iron pulled out. 
b 1 H. |4.37d| 5.50] 5.84 6.07 4.08 130 Jace (046 4 Crushed at the middle. 
2 5.42} 6.30 4.38 8D trae ee 
1 H. |4.387d] 6.49] 10.65 9.67 7.43 | 1330 | .... | 2.83 1.59 | Crushed at the middle. 
a 6.20} 8.70] °° 6.04 | 1080] .... . 
al Sp. |4.37d] 10.20} + 12.80 | «2:2: -+-- | «--. | 3.08 2.11 | General bursting. 
2 11.00} 12.80 5 8.88 | 1590 | .... ; 
a Sp. |4.37d] 13.50] 14.60 14.60 10.16 | 1820 | .... | 3.52 2.41 | General bursting. 
2 8.50) ft canted irate Broral warioc {Load not observed. 
tl St. eee 3.10 3.01 3.26 | 584 |} 18.9] 1 -... |Iron pulled out, fi 
2 2.92) 2.92 P 3.07 | 550 | 17.8 without crack, fs 
with vertical crack. 
1 | H. |3.95d| 3.97) 4.62 2200) | ine S0)| eS LOll nasi 1.361 Crushed at the middle. 
B92 3.30] 3.55 : Saal 1670: cae 
h 1 H. |3.95d} 2.50} 5.00 5.71 5.25 940 | .... | 1.90 1.39 | Burst. 
2 5.41] 6.41 si Colca D2d0) eee 
4 1 Sp. |3.95d] 9.30} 9.70 9.85 10.16 | 1820} .... | 3.27 2.41 | Burst. 
2 6.32} 9.99 5 10.50 | 1880 
eae SA he ral eee: 3.95 3.61 6.98 | 1250 | 31.4 | 1 ...- | Iron pulled out with 
2 Beh 3.27 : 6.81 | 1040 | 26.0 no cracking. _ 
11 H. |5.0d 4.92, 4.92 4.99 | 8-81} 1560} .... | 1.36 1 Crushed at the middle. 
2 4.88] 4.88 : 8.66 | 1550 | .... 
aah HH. |5.0d 5.65} 5.85 5.95 10.40 | 1860 | .... | 1.65 1.21 | Burst. 
2 5.71] 5.95 ? 10.55 | 1890 | .... 
a Sp. | 5.0d 9.34] 9.34 9.65 16.52 | 2960 | .... | 2.67 1.97 | Burst. 
2 9.20) 9.95 3 17.65 | 3160 
Ail Sei ado bew ee 4.49 4.54 12.50 | 2240 | 44.9 | 1 -.-. | Iron pulled out with 
2 tice 4.59 12.72 | 2280 | 45.9 no cracking. 
1 H. |6.25d| 5.15} 5.15 5.18 14.35) |-2570 i eeces lak aon Crushed at the middle. 
Po 5.20] 5.20 ; 14.40 | 2580 | .... 
1 He iG22bd |) 4282 482 5.16 13.46 | 2410 | .... | 1.13 1.00 | Burst. 
I 4.95] 5.50] 2% 15.30.| 2740 | .... 
; 1 Sp. |6.25d] 6.23] 7.98 8.14 22.20 | 3970 | .... | 1.79 1.57 | Burst. 
2 5.60} 8.29 : 23.00 | 4120 5 


The specimens were made of mortar and tested at 54 days’ age. The ultimate compressive strength (fc) 
of 20 cm. cubes was (215 + 212 + 161 + 170 + 155 + 163) = 179 kg/gem. 
* This column was added by the writer. 


(the pressure under the bend) equal to 853 Ib. per sq. in., r 13d, approxi- 
mately.” Providing for one-third of a working stress of 18,000 lb. per 
sq. in. with an allowable pressure of 900 Ib. per sq. in. would require a 


radius of: 
oe 


1 18,000 853 
— X —— KX — X 138d= 44. 
3 14,223 900 
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It is, of course, evident that if at any time the stress at the junction 
of the hook with the straight portion of the bar were to exceed 6,000 Ib. 
per sq. in., then a radius of more than 4d would be required. This too is 
predicated on the assumption that a pressure of 900 lb. per sq. in. is per- 
missible under the bends, 900 being the value permitted in negative com- 
pression by the New Joint Committee report. 

2. Brief Résumé of Previous Tests—Several noteworthy programs of 
experiment with anchored bars have been reported, some dealing with pull- 
out tests only, and others dealing with beams. Of the first type probably 
the most extensive series of tests of semi-circular hooks is that reported 
in 1913 by R. Saliger in “Schubwiderstand und Verbund in Hisenbeton- 
balken.” Of the tests to determine the effects of hooks in beams, those of 
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SALIGER SPECIMEN HOLDER AND TEST SPECIMENS. 


C. Bach, reported in “Hefts” 9 and 10 of the “Deutscher Ausschuss fur Eis- 
enbeton,” 1911, are perhaps the most noteworthy, while those of Faber, 
reported in “Reinforced-Concrete Beams in Bending and Shear,” 1924, also 
have much of interest. The tests of Abrams, University of Illinois Bulle- 
tin No. 71, 1913, while referring primarily to bond, have also an important 
bearing upon the question of anchorage. 

In Figs. 1 and 2 are shown the form of specimens and holder used by 
Saliger. The record of his tests is given in Table I. The dimensions in 
Fig. 1 are the English equivalents of the metric units used by him, while 
in Table I the stress unit of kilograms per square centimeter has been 
retained. This may readily be converted into pounds per square inch by 
multiplying by 14.22. The fact that atmospheric pressure is so nearly 
1 kg. per sq. cm. has at times lead German authors to speak of the mag- 
nitude of stresses as being of so many “atmospheres.” 
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In Saliger’s tests the specimen in each case was very little larger 
than the hook, thus eliminating the effect of a long straight embedment 
below the hook. It is possible, however, that in this manner other effects 
were introduced. A compression bearing so close to the anchorage might 
he expected to exert a restraining effect similar to that noted in the com- 
pression tests of cubes. The small size of the specimens was conducive to 
cracking, particularly in those cases where the size of the bar was pro- 
portionately large, and it will be noted that all hooked specimens failed 
by splitting. Table I shows, nevertheless: (1) that the bars having the 
largest radius of bend in terms of bar diameter carried the greatest unit 
stress, at least up to hooks with r—6.25d; (2) that the wire binding 
added to the carrying capacity; and (3) that in those specimens where 
the binding varied, as in d and e, the specimen with most binding carried 
the greatest load. No slip measurements were taken. 

The Bach and Graf beam tests showed increases of 50 per cent or more 
in carrying capacity when the ends of the bars were anchored by means 
of hooks, the form of the hook not having a great deal of effect. No 
spirals were used. This checks fairly well with Saliger’s data on unspir- 
alled pull-out specimens, and leads at once to the question: “If Saliger’s 
spiralled specimens carried so much more than his unspiralled specimens, 
would not the same effect have been obtained in Bach’s beam tests?” It 
may be strongly suspected that such would have been the case. In other 
words, the unspiralled hook, of no matter what form, does not function 
at its best as an anchor, and it is quite probable that beam strengths 
may be increased beyond anything now known by the use of proper and 
thoroughly efficient anchors. This is confirmed by the fact that every one 
of Bach’s beams was split by the hooks. Fig. 3‘ well illustrates this action. 

3. Purpose of the Program, and Acknowledgments.—Now, to be abso- 
lutely dependable an anchor must (1) be capable of developing in the bar 
a stress at least as high as the elastic limit (preferably the ultimate 
strength), (2) it must do so without damaging the concrete, and (3) it 
must do so with the absolute minimum of slip in order to preclude second- 
ary failure. Semi-circular hooks are known to be able to carry a certain 
amount of load, which amount is rather indefinite, but is supposed to 
bear some relation to the radius of bend. They are known to split the 
concrete when the mass to be split is small; but comparatively little is 
known as to the amount of slip accompanying stress in the hook. In a 
previous paper ® the writer attempted an analysis of the splitting effects 
of hooks, based on three different assumptions. These assumptions were 
admittedly “feelers,” and the analysis was but a study. However, it lead 
to the conclusions that the splitting effect of a hook might be quite large 
in proportion to the bar stresses, and that to reinforce against bursting, 
when the bar stress at the hook was 40,000 Jb, per sq. in., in a spiral cage 
having Na, equal to twice the area of the bar would be required, N being 


“From “Deutscher Ausschus fur Hisenbeton, Heft,” by Bach and Graf. 
* Journal, Western Society of Engineers, Jan., 1926. 
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the number of turns in the spiral, and «a, being the cross-sectional area 
of the spiral strand. It was pointed out, too, that with such a bar stress 
the pressure under the hook would be very high. The problem is too 
complex to admit of a complete solution by the theory of elasticity, and 


FIG. 3.—T-BEAM SPLIT BY HOOKS. 


it is necessary to resort to approximate analysis backed by experimental 
investigation. 

For these reasons it was considered desirable to conduct a series of 
tests upon semi-circular hooks of various sizes, reinforced with spiralling 
of varying amount. The work was undertaken by C. J. Posey in partial 
fulfillment of the requirements for the degree of Master of Science in 
Civil Engineering in the graduate school of the University of Illinois dur- 
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ing the school year of 1926-27, under the direction of the writer. Mr. 
Posey is to be commended for the careful work which contributed largely 
to the success of the program. Acknowledgment is due also to Dean Milo 
S. Ketchum, of the college of engineering and Director of the Engineering 
Experiment Station, and to Prof. W. C. Huntington, head of the depart- 
ment of civil engineering, for permission to publish the results of the tests. 

4. The Specimens.—The specimens used in’ the present investigation 
were all of one standard size, and certain features of design were common 
to all. These standard features are shown in Fig. 4. In order that the 
specimens might: not be unwieldy the bar size was fixed % in., which 
proved quite satisfactory. High carbon steel, having an elastic limit of 
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FIG. 4.—STANDARD FEATURES OF DESIGN. 


70,600 lb. per sq. in. and an ultimate strength of 112,000 Ib. per sq. in. 
was used in every case in order to obtain experimental data over as large 
a range of value as possible for each-anchorage. Early tension failure 
would defeat this end. In order to minimize any possible effect of prox- 
imity of the compression face to the hook, the length of the specimen was 
made such that the center of the largest hook (12d) was three times the 
diameter of the hook from the end bearing on the support. 

Since the investigation was confined to the investigation of the action 
of the hook proper it was necessary to eliminate the effect of bond on 
the long straight embedment below the hook, so this portion of the bar 
was enclosed in a sheath consisting of three thicknesses of blotting paper. 
The sheath in all cases extended up the bar to a point three inches below 
the point of tangency. In the case of the flat bend it was necessary to 
have some straight embedment below the end of the hook, while‘in the case 
of the larger hooks it was felt that this three inches would take care 
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of the lateral pressure on the straight bar below the point of tangency 
caused by the slight pulling around of the hook. This pressure is an 
effect of the anchorage arid must be considered a part of it. Just how 
far down the side of the bar it is significant is a matter of conjecture, but 
in a distance as great as six times the diameter of the bar it should prac- 
tically disappear. 

It was found that the friction of the bar in the sheath was not great. 
In one of the friction tests a pull of 80 lb. was the maximum required 
to kept the bar sliding. In the other, a pull of 90 lb. caused a slip of 0.35 
in., and 200 lb. was the running maximum. The friction of the sheath 
was therefore neglected. 

As one of the problems to be investigated was the effect of variations 
of diameter of the hook, it became necessary to decide whether or not the 
size of the specimen should be varied with the changing diameter of hooks. 
For the sake of simplicity and uniformity in casting and testing the speci- 
mens, it was decided to adopt a uniform size. The specimen was made 
sufficiently large to accommodate a hook of diameter twelve times that 
of the bar to be used. (See Figs. 6 and 7.) Hence the size of the test speci- 
mens became nine inches, or eighteen times the diameter of the bar. The 
specimens were made square. 

A feature calling for careful consideration in the design of the speci- 
men was the method of measuring the slip. In tHe beam tests by Bach 
and Graf, small conical wooden plugs were cast in place, which when with- 
drawn would expose the steel where slip measurements were desired. This 
device was considered unsatisfactory for the purpose of the present investi- 
gation, since the presence of a large hole left by the withdrawal of large 
wooden plugs is conducive to the formation of cracks. In these tests it 
was considered desirable to measure the slip at the beginning of the bend, 
in which case the wooden plugs would be long and consequently quite large. 

The expedient that was employed is illustrated in Figs. 4 and 5. A 
wire was attached to the rod. It was bent sharply at right angles about 
¥% in. from the surface of the rod, and was carried off in a glass tube 
parallel to the axis of the rod. The glass tube protected the wire from 
contact with the concrete except at the bend. At this point the wire was 
protected and the bottom of the glass tube sealed by a plastic adhesive 
gum. The volume of the gum was sufficient to permit 0.4 or 0.5 in. travel 
of the wire in the direction in which the bar was expected to move. The 
gum that adhered to the side of the rod covered about 0.1 sq. in. of bar 
surface in most cases, and its effect was probably negligible. The tendency 
of the glass tubes to weaken the concrete might be suspected. Howe-tr, 
though these glass tubes were in the general plane of splitting in every 
case, in no case was the crack found to have followed a glass tube for even 
a fraction of its length. The glass tubes varied in diameter, but the largest 
ones used were not over 1% in. outside diameter. 

In order to provide steady supports for the measuring dials, small 
steel rods were embedded 1 in. or so in the top of the specimen at some 
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distance from the points of emergence of the wires and tubes (Fig. 5). 
The position of these rods was not fixed; but they were always placed 
to one side and away from any possible interference with the interior rein- 
forcement. They did not seem to have any effect on the formation of 
cracks. Fig. 11 shows the rods with the dials attached. 
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The specimen holder, shown in Figs. 8 and 10 was designed with the 
idea of approximating stress conditions at the end of a beam. Only ene- 
half of the base of the specimen is in bearing; this approximates the com- 
pression distribution in a beam and precludes the wedging action which 
often occurs in pull-out tests. The bearing block on the side is below the 
position of the hooks, leaving the top portion of the specimen free for in- 
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spection. In this respect the holder was different from Saliger’s, the backs 
of his specimens being tight in the holder for their full height. 

The sizes of hooks tested were: Flat bend, 3d, 6d (Considére), 8d 
(Joint Committee), 10d, and 12d. The flat bend, 3d, 6d, and 8d hooks 
were also tested when spiraled with 5, 7, and 10 turns of Y%4-in. low- 
carbon steel wire, the 10-turn spiral having Na, a little more than twice 
the area of the bar. In order that the spirals might be as effective as 
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FIG. 8.—ARRANGEMENT FOR HOLDING TEST SPECIMENS, 


possible, they were made just large enough to clear the hook, except in 
the case of the flat bend. Detail drawings of the spirals for the different 
hooks are given in Figs. 6 and 7. A small pull-out specimen was designed 
to test the friction of the blotting paper sheath. This specimen is illus- 
trated in Fig. 7. 

5. Preparation.—Four molds being available, the specimens were cast 
and tested in groups of four in the following order: 

(1) Series I without spirals: 3d, 6d, 8d, and 12d hooks. | 

(2) Series II with 5 turns of spiral: Flat bend, 3d, 6d, and 8d hooks, 
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(3) Series III with 7 turns of spiral: Flat bend, 3d, 6d, and 8d 
hooks. 


(4) Series IV with 10 turns of spiral: Flat bend, 3d, 6d, and 8d 
hooks. 


FIG. 9.—POSITION OF SPIRALS IN FORMS, 


(5) Series V without spirals, a check on Series I: Flat bend, 3d, 6d, 
and 8d hooks. 

(6) Special series without spirals: A quick check on the 12d speci- 
men of Series I and on one intermediate size. 10d and 12d hooks cast’in 
lumnite cement concrete. 
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The mix used in the first series was ] part cement to 2.8 parts sand 
and 2.8 parts gravel, all by volume. All of the gravel passed the %4-in. 
sieve, most of it being less than 14 in. in size. 

The remaining series were proportioned by weight in order to keep a 
close control; slightly less than 7% gal. of water per cu. ft. of cement 
were used, varying from time to time because of variations in the moisture 
content of the aggregates. In the specimens of the special series lumnite 
cement was used instead of portland cement, the specimens otherwise being 
identical. The control cylinders were made of concrete from the same 
batch as was used in the top portion of the specimen, that is, from the 
concrete enclosing the hooks. , 

The intention was to have concrete with,a cylinder strength of 2,000 
Ib. per sq. in. Unfortunately, owing to Mr. Posey’s illness, three of the 
specimens of Series I were given a longer period of setting than the 
others. The two specimens made of lumnite cement were tested at the 
age of 24 hours. Even then the concrete strength was much higher than 
the other specimens, and forms the basis for interesting comparisons later. 

The spirals were placed by screwing them into the fresh concrete when 
it had been placed up to the level of the top of the hooks. Fig. 9 shows 
the position of the spirals in the forms. They were held there by a small 
wire, for the purpose of photographing only; no wires were used to hold 
the spirals in place when the specimens were cast. On dissection of the 
specimens some of the spirals were found to have sunk slightly out of 
place. This presumably ‘occurred when the forms were being vibrated. 

The specimens and control cylinders were cured in the damp room of 
the concrete laboratory of the Civil Hngineering Department. 

6. Procedwre—When ready to test, the specimens and cylinders were 
removed from the damp room. ‘The specimen to be tested was hoisted into 
the specimen holder and accurately wedged in place. The grips were then 
adjusted and an initial load of 200 lb. applied. The dials were then 
attached. Fig. 10 shows the specimen and holder in place, on the testing 
machine, and Fig. 11 shows the specimen in place with the dials attached. 

The load was then applied in 200-lb. increments at the slowest speed 
of the machine used, a 30,000-Ib. Riehlé machine, the rate of application 
during the first stage of the test being about 1,000 lb. per minute. One 
man was required to operate the machine and another to read the dials 
and take notes. In some of the Series I tests, time was allowed for 
adjustment between loads, but in the testing of the remaining series incre- 
ments were added as soon as the dials were read and the notes recorded. 
There was an appreciable slip if the loads were left on the specimen, so 
that a constant rate of testing was necessary if two different tests were to 
give comparable results. This slipping will be discussed later. 

After slipping became general, or the stress in the bar had passed 
the elastic limit, the machine was shifted to a higher speed so that the 
load might again be raised. It was found that one series could be tested 
in a day. The cylinders were capped either with plaster of paris or with 
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neat cement, and were tested in the usual manner to determine the ulti- 
mate compressive strength, 

The specimens for determining the friction of the sheath were tested 
in the same manner as the other specimens, the holders first being removed 
from the top of the machine, 

7. Reduction of Data—The value of an anchorage depends partly 
upon the adhesive strength of the concrete and partly upon its compres- 
sive strength. Since, however, the adhesive strength and the compressive 
strength are directly proportional, within say 10 per cent to 15 per cent, 


FIG. 10,— (LEFT) SPECIMEN AND HOLDER IN PLACE: FIG. 11 (CENTER ) 
SPECIMEN IN PLACE WITH DIALS ATTACHED: FIG. 12 (RIGHT) 
FAILURE WITH SHORT-RADIUS HOOK. 


a direct comparison of the values of the anchors tested has been made by 
stating the loads in terms of the ultimate compressive strength of the 
control cylinders. ‘These strengths are given in several places in the 
accompanying tables, so that all values may be translated again into 
pounds if desired. 

A complete log of the readings of Dials No. 1 is given in graphical 
form in Plates I to V, and upon these plates are also given certain other 
significant data, as the elastic limit of the steel, the beginning of slip of 
Dial No. 2, etc. To save space the readings for Dials No. 2 are not plotted, 
but the readings at several important stages are given in Tables II to IV. 
Where it would be difficult to distinguish between the curves on any plate 
the specimens have been identified in several places to avoid confusion. 

Table II gives conditions at failure. Since, however, these conditions 
were obtained with the bars “on the run,” they should be interpreted with 
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great caution. 


ESS) 


Table III indicates the condition when movement was first 


detected at Dial I, and Table IV w 


hen movement was first observed at 
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Dial 2. It will be.noticed from Table IV that the first movement at the 


end of all the bars was upward—around the bend; but in the case of the 


3d hooks Table II shows that later 


the hook moved bodily downward 


’ 


‘ probably because of its relative stiffness, See also the remarks in Table IV. 
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The specimens in the present investigation were tested to destruction 
without waiting for any time adjustment between loads, except for a few 
cases with the first series tested. The question naturally arises as to what 
would be the effect on the load slip curve if every load were left on until 
there was no further slip of the bar. It would be difficult to test a speci- 
men in this manner. The slips from time effect were so large that the 
load could only have been held in an ordinary testing machine by means 
of springs. In all but one of the few cases where loads were held for a 
time, the effects have been eliminated from the accompanying plates. 
This effect is shown in specimen 2, Plate IV, near the beginning of the 


TasuLE IIJ.—Conpitions at First Sure or Drat No. 1. 


. $ ‘| Nominal Nominal Sli 
Series} Spec. eee ose eats ib fs, tsi fc Bond, | Bearing, | Dial No. 1, 
‘urns : . per sq. in. Ib. per sq. in.} Ib. per sq. in. in. 

1 3d ad 1,800 9,200 2.59 167 3,600 0.0001 

I 2 6d BG 2,200 11,200 4.15 152 1,760 0.0001 

3 8d as 2,600 13,300 3.31 154 1,485 0.0001 

4 12d Le 1,800 9,200 5.65 79 654 0.0001 

5 1d a 400 2,000 1.04 48 2,040 0.0003 

Vv 6 3d We 1,200 6,100 She lil 2,400 0.0001 

if 6d - 400 2,000 1.04 28 320 0.0001 

8 8d an 1,000 5,100 2.39 59 571 0.0001 

9 1d 5 1,000 5,100 1.92 120 5,100 0.0001 

Ir 10 3d 5 800 4,100 1.62 74 1,600 0.0003 

11 6d 5 1,600 8,200 3.23 lll 1,280 0.0001 

12 8d 5 1,200 6,100 2.43 71 686 0.0001 

13 1d 7 800 4,100 1.87 96 4,100 0.0002 

Ill 14 3d 7 800 4,100 1.87 74 1,600 0.0001 
15 6d 7 400 2,060 0.93 28 320* 0.0008* 

16 8d of 1,200 6,100 2.80 71 686 0.0001 

17 1d 10 600 3,100 1.73 72 3,100 0.0001 
IV 18 3d 10 400 2,000 0.88 37 800* 0.0007* 
19 6d 10 400 2,000 0.91 28 320* 0.0005* 

20 8d 10 900 4,600 2.60 53 513 0.0008 

g 21 10d is 1,200 6,100 1.88 62 533 0.0001 

P. 22 12d ats 2,200 11,200 3.15 101 800 0.0001 


* Large movement at low load probably due to slightly defective concrete under hook. 


curve. By eliminating all pauses in loading one basis of comparison of 
relative values is obtained. It would have been better, no doubt, if equal 
increments of load were added in equal increments of time, but the rate 
of loading was dependent on how fast each specimen would pick up load 
from a machine driven at constant speed. Even if such a load-slip curve 
were obtained, there would still be the question of the effect of repeated 
applications of load, this being the condition of loading of a beam in rein- 
forced-concrete construction. The effect is, of course, much more marked 
toward the ultimate loads, and in most cases it was necessary to shift to 
the next higher speed of the machine to lift the scale beam at all. These 
facts must not be overlooked in making comparisons. 
In Tables II to IV nominal bond and bearing values are given. In 
determining the nominal bond the whole exposed area (except the end of 
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the bar) was used. It is evident that in the case of flat bends this must 
be a questionable method of computation. Similarly, when the 3d hooks 
moved bodily downward it is evident that the concrete was not in contact 
with the steel on the outside “of the bend, and hence the nominal bond 
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cannot represent even the true average. Since the larger bends slid around 
the curve, the nominal bond more nearly represents the true average, 
although the contact on the outside of the bend might still be open to 
question. 

In computing the bearing under the bend, the area of the end of 
the bar was included in the flat bends and in the 3d bends after these 
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latter had moved back down to their original position. Toward failure 
the flat ends bent backwards in the form of a knuckle so that a consid- 
erable and undetermined portion of the load was carried in this manner. 
The effect, however, was the same as if the bearing had taken place under 
the bend. The value given in the Table is based on the assumption that 
all the load on the flat bends was carried on the end only of the bar, and 
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hence is too large. The 3d hooks also exhibited this tendency to bend 
backwards at higher loads, which is consistent with the fact that they 
moved bodily downward, thus inducing a pressure under the points. 

8. Manner of Failwre—tIt is of interest to note from Table II that 
in the unspiraled specimens failure was due in each case to splitting, except 
with the 12d hooks. Most of the specimens, though not all, cracked sud- 
denly. One of the specimens, the 10d hook cast in lumnite cement, ex- 
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hibited a particularly violent failure, almost dislodging the whole appara- 
tus from the machine. Having been made cautious by this experience, the 
test of the special 12d hook, unspiraled, was not carried to failure. 

The manner of failure of the specimens with spiraled hooxs was dif- 
ferent. No cracks appeared on the surface of the specimens with flat 
bends. The 3d hooks, with the same size spiral as the flat bends, split the 
concrete in every case. This spiral was so small that the eccentric load 
put on it by the 3d hook caused the block of concrete enclosed by the 


Tasie I1V.—Conprrions at First Sure or Diau No. 2. 
| 


, Hook |, . fs, Dial | Dial | Nominal) Nominal an 
Series | Spec. | Diam-|Spiral Load, | jp. per | fs/fc No. 2, No. 1, Bond, |Bearing, | Dial No. 1 
eter | Turns} Ib. sq. in. in. in. Ib. per | Ib. per over 
sq. in. | sq-in. |Dial No.2 
1 3d nf 4,000 | 20,400 5.76 | 0.0001 T| 0.0180 | ...... ae The oar 
I 2 6d st 5,200 | 26,500 9.81 | 0.0001 T} 0.0028 | ...... 6 
3 8d oR 7,800 | 39,800 9.93 | 0.0002 FT} 0.0091 | ...... 5 
4 12d Yi 10,600 | 54,100 | 33.3 0.0001 T | 0.0380 | ...... 10 


21 10d Bo 6,600 | 33,700 | 10.36 | 0.00017 | 0.0078 | ...... | -.-.-- 6 
Sp. 22 12d ‘* | 13,000 | 66,300 | 18.59 | 0.00017 | 0.0218 | ...... | ..-.-- 15 


* Dial No. 1 moved 0.061 in. while Dial No. 2 moved 0.0004 in. up and back. Dial No. 1 then moved 
50 times as fast as Dial 2, decreasing to 10 times. Average = 16.2. 
+ Dial No. 1 moved 0.0385 in. while Dial No. 2 moved 0.0004 in. up and back. Dial No. 1 then moved 
10 times as fast as Dial 2, decreasing to 6 times. Average = 8.0. 
Dial No. 1 moved 0.10 in. while Dial No. 2 moved 0.0003 in, up and back. Dial No. 1 then moved 
70 times as fast as Dial 2, increasing to 160 times. Average = 125 times. 


spiral to split bodily out of the specimen (after the concrete inside the 
spiral was crushed under the bend, however). A characteristic failure 
of this type is shown in Fig. 12. It is noteworthy that Saliger’s speci- 
mens, in which hooks of short radius of bend were enclosed in small blocks 
of concrete, were not liable to failure due to this cause, since the specimen 
was tightly wedged in the holder. (See Fig. 1.) The flat bends did not 
show a failure of this type because compressive failure occurred at a load 
lower than that required to split the spiral from the rest of the specimen. 
The 6d and 8d hooks split the concrete in some cases, but not in others. 
Always, however, failure was accomplished by a large slip. 


262 THE CARRYING CAPACITY OF SEMICIRCULAR Hooks. 


The failure of the spiraled specimens, even when due to cracking, 
was not violent, and the loads were carried as high as possible. In four 
cases, with the 7 and 10 turns of spiral, the bar actually broke, although 
in three of these cases the break occurred at the tiny hole where the 
measuring wire was inserted. 

9. Discussion of Data.—The nominal values of wu is given in Table II 
vary from a magnitude of fictitious height for flat bends to a value for 12 
hooks not greatly larger than would be found in pull-out tests of straight 
bars. This would indicate that as the diameter of the hook increased the 
stiffness of the bar was of less significance, and that in the larger speci- 
mens rope-friction action was being developed. The surprising feature is 
the magnitude of the bearing stress under the hook. For the 3d and flat 
hooks the backward bending gives to these values an undue prominence, 
but even with the large hooks very large values were obtained. 

In the case of all hooks this question of bearing comes up, which is 
the difference between a hook and a straight extension of equal length. 
Even if the hook were as flexible as a piece of rope, the tendency to cut 
in is measured by the pull on the bar. The high bearing values developed 
indicate that any anchor which relies on the bearing value alone of the con- 
crete is bound to be a good one, but splitting tendencies must be entirely 
eliminated. 

It will be noted both in Table II and Table IV that the rate of move- 
ment of the bar at the point of tangency is very much faster than that 
at the end of the hook. Table IV shows, too, that a movement of from 
0.01 in, to 0.10 in. had taken place at the point of tangency before any 
movement was discernible at the end. This indicates that from the very 
beginning to the ultimate load compression of the concrete was in progress. 
The relative absolute movement indicated by the two dials varied consider- 
ably, but in no case did that of Dial No. 2 reach 0.01 in. before failure. 
This would indicate that the short straight portion at the end of the hook 
had but little influence. 

Table IV is of interest also in showing that by the time the point 
of tangency had moved 0.01 in. the whole hook was in motion. It is 
questionable whether loads higher than those recorded in this Table could 
have been maintained indefinitely. Table II, owing to the fact that values 
were obtained “on the run”, should not be taken very seriously except 
in a pictorial sense. 

The curves on Plates I to V show not only how rapid was the move- 
ment of the bars, but indicate a curious property of the spiraled hooks. 
Without exception during the early loads the movement was much greater 
than in the unspiraled specimens. This can be explained on no other 
grounds than that the concrete under the bends was in some way affected, 
even with thé great care taken in casting the specimens. As a device to 
improve the carrying capacity of hooks spirals apparently have an advan- 
tage only at high loads, when slip has already rendered the anchorage 
practically useless. The comparative loads carried at first slip, shown in 
Table III, bring out the same point. 
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The care required in the placement of the spirals is well brought out 
in Specimen 14. For some reason or other the spiral used in this specimen 
sank about 2 in. in the concrete. During the test a crack formed near 
the top, in the plane of the hook, followed the hook down to the spiral and 
then passed around outside the spiral. The slip at failure was nearly %4 
in., although the load was not unsually high. 

10. Conclusions—(1) It is evident from this investigation that flat 
bends, spiraled or unspiraled, do not form a satisfactory anchorage. It 
will be noted that no flat bend developed the elastic limit of the steel. 

(2) Hooks 3d in diameter do not behave much better, although there 
is still the possibility that if the straight piece at the end were extended 
for say 3 to 6 diameters further and enclosed in a long spiral in the 
nature of a long sleeve, the breaking out of the whole spiral might be 
prevented. Only one 3d hook, with 5 turns of spiral, in 2,500-Ib. concrete, 
developed the elas‘ic limit of the steel. 

(3) All 6d and 8d spiraled hooks) developed the elastic limit of the 
steel and one 8d spiraled hook in 2,200-lb. concrete developed the ultimate 
strength of the steel. 

(4) The 10d and 12d hooks, unspiraled, in 3,200-lb. concrete, devel- 
opend the elastic limit of the steel with a slip of 0.05 in. 

(5) Hence, increasing the diameter of the hook increases the load- 
carrying capacity, and spiraled hooks showed greatest strength, but it is 
hard to see any direct relationship. 

(6) The strength of the concrete certainly has some influence, al- 
though with the exception of Specimens 21 and 22 the concrete strength 
in this investigation did not vary greatly. There is some question, owing 
to difficulties in the curing room, whether the cylinders of Series I cor- 
rectly represent the strength of the specimens. 

(7) The size of the specimen to be split certainly has something to 
do with the strength of the unspiraled anchor. In this investigation, re- 
gardless of hook diameter, all unspiraled specimens were split, even though 
the depth of the block was 18 times the bar diameter. 

(8) The size of the specimen had little to do with the strength of 
the spiraled specimens, for hooks of 6d or greater either crushed the con- 
crete or pulled around the bend. 

(9) The strength of the 12d hooks was in part due to the strength 
of the concrete and in part due to the comparatively easy bend. It is 
unfortunate that only one of these tests was carried to failure. 

(10) Slip was evident at the point of tangency from very low loads, 
and movement of the whole bar at loads far below the ultimate strength 
developed. Since the prevention of slip is an important function of an 
anchor, hooks have still to demonstrate their right to be styled “adequate” 
anchors. The facts must not be overlooked that the values obtained in 
this investigation were comparative only, and no time was given for the 
very evident tendency for “time-slip.” 


Mr. Larson. 
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Louis J. Larson.—This paper adds much to the rather meager supply of 
information on the subject. The results show the loads that can be carried 
by hooks of various diameters using }4 in. bars and the type of failure that 
is likely to occur. However, the values of “nominal bond” and “nominal 
bearing” differ so much from each other and from the values obtained in 
other kinds of tests that the question must be raised, “What do they really 
mean?” 

Most of the computed bond stresses and the bearing stresses for the flat 
bends are abnormally high. If the stresses obtained vary so greatly for 
various sizes of hooks what assurance is there that these results will apply 
to bars of another diameter? If the data can be interpreted in some rational 
manner so that the results become consistent among themselves and agree 
with the bearing and bond strength of concrete found in other tests, there is 
a greater likelihood that the results will apply to other conditions. This 
will greatly enhance the value of these tests. 

While the general action of a hook embedded in concrete may be visual- 
ized it is difficult to analize the behavior. The pull-out resistance or strength 
of a hook is dependent upon several factors among which are the stiffness 
of the bar, friction between the bar and the concrete due to pressure set up 
by the tension on the bar, and bond on the embedded portion of the bar. 

The strength developed by the stiffness of the bar is equal not alone to 
the strength of a hook of a certain size fitting around a cylinder. A consider- 
able additional pull is required to bend the bar at the ends of the arc. Since 
the stiffness of a bar varies with the fourth power of the diameter it is probable 
that the contribution due to the stiffness becomes greater as the size of the 
bar increases even though the ratio of the diameter of the hook to the diam- 
eter of the bar remains constant. 

The frictional resistance to motion between the bar and the concrete 
undoubtedly accounts for a considerable proportion of the strength of the 
hook. A small force at the far or low-tension end of the hook will resist a 
considerable pull on the bar because of the rope friction developed. A resist- 
ance at any point on the hook is similarly increased, the amount of the 
increase depending upon the friction and distance from the bar side of the 
hook. The bond on the bar furnishes such resistance at various points along 
the hook. 

To find the sum of the effects or the total tension which they will resist 
= bond in Ib. per sq. in. 
= coefficient of friction between the concrete and steel 
the total angle of the hook. 
the radius of the hook. 
the circumference of the bar. 


(264) 
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In Fig. 1 consider the effect at A due to the bond on an elementary length 
of the rod dl 


dl = rap 


The bond on the length dl = word@ and the tension developed at A due 
to the bond on dl is 


dT = ourdB e/8 
The total tension that may be developed at A is 
T, = SaT = Sf,“ wT dpelb 


efa — 1 


“i 


If to the hook there is added a straight portion of length 1, the resistance 
developed at A due to the bond on this length is 


= uor 


T. — uolef & 
The total tension at A then becomes 


efa — 1 
«13 = uol, e fe + wor -- f 


Due to a straight portion beyond A the bond strength will be wolz when le 
is the embedded straight length. The total tension then becomes 


efa — 
T = uol, ef¢ + uor j 

If the values of wu and f are known it is possible to compute the portion 
of the hook strength due to bond and friction. 

The above expression gives the least tension that will produce a failure 
by slipping. . If the bar is large or has a hook of small diameter the tension 
developed may be much larger than that computed above because of the 
stiffness of the hook. Such is certainly the case for a bar bent flat on itself 
(hook diameter = d). Failures may also occur at loads below those 
computed if the compression stresses are sufficient to cause splitting or 
bursting of the concrete. 

If a value of the coefficient of friction is assumed, Eq. 1 may be applied 
to the author’s tests to determine the average value of the bond developed. 
Rewriting the equation 

efa — 1 


j + ole) = Ku 


T = u (olefe + or 


Qos! 
where K = (ole/e + or ec j + olz) 


In Table A the values in the first six columns are taken from the author’s 
Table II except that the maximum recorded loads are shown. Col. 7 gives 
the values for K using the dimensions of the hooks and assuming a value of 
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f = 0.3. Col. 8 gives the bond stresses computed from Eq. 2. For the larger 
hooks the compressive stress in the concrete under the bends was computed 
by finding the radial component of the tension on the bar and assuming it is 
carried on an area as wide as the diameter of the bar. 

The total reaction of the concrete against the bar is 


2T sin sé 


and the area of concrete in contact with the bar is rABd, (Fig. 2). 


If S, is the compressive stress in the concrete 


SerApa = 27 sin 92 


sin AB _ . 
For small angles Om =n) 
‘ a 
. ie — rd 
Since d = 1 in. for the bars used 
1B 
Se >. 2 r DeCRC REVO mOR I tee OP a OO sec (3) 


where r = radius of hook. 

Values of S; are given in Col. 10. 

Col. 9 gives the ratio of the computed bond stresses to the cylinder 
strength of the concrete, and Col. 11 shows the ratio of the computed com- 
pressive stresses to the strength of the cylinders. 

The bars having a hook diameter of d and 3d have been treated in a 
separate manner and will be discussed later. The computed values for these 
specimens are shown in Table B. 

The bond stresses shown in Table A range from 334 lb. per sq. in. to 
842 Ib. per sq. in. The specimens which showed the low values for bond 
were stopped before failure occurred. If these tests are excluded the lowest 
bond stress is 433 lb. per sq. in. Since the strength of the concrete varied 
considerably a better comparison is furnished by the ratio of the bond stress 
developed to the cylinder strength of the concrete (given in Col. 9). This 
ratio varies from 10.8 to 37.5 per cent and most of the values lie between 20 
and 35 per cent. This variation is no greater than that found by Abrams, * 
and the values agree with his results when allowance is made for the differ- 
ence in strength of cubes and cylinders. 

Specimens 2 to 4 show relatively low bond stresses but all these speci- 
mens failed by cracking of the concrete and there is no indication that the 
maximum bond was developed at failure. It should also be noted that the 
low ratios in this series compared with series V is due to the high strength of 


the cylinders for series I. The actual loads for the two series are about the 
same. 


* Abrams, University of Illinois Bulletin No. 71, 
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The action of a bar with a flat bend is quite different from that of a bar 
with a large hook. For a flat bend the action resembles that of a straight bar 
with a lug welded on one side. There can be no rope friction in this case 
and the increase in the holding power of a bar with a flat bend over that of a 
straight bar having the same bond area is due to the bearing of the bent-over 
end on the concrete. In this case it would be absurd to apply Eq. 2 to deter- 
mine the bond stress or Eq. 3 to determine the compressive stress in the 
concrete. A flat-bend hook is statically indeterminate. Part of the total load 


Tasie A 
1 2 3 4 5 6 7 8 9 10 ll 
Specimen} Hook | Load in Cause Dial @ u Se iS 
No. Diam. | 1000 lb. te of Failure | No. 1 nS Ib. per y fe tb. per sh 
sq. in. sq. in. 
1 3d 10.2 3540 cracked .310 16.90 dens eye dene 
2 6d 10.0 2700 cracked .139 23.05 433 16.0 13.3 4.93 
3 8d 12.0 4000 cracked -196 27.15 442 11.0 12.0 3.00 
4 12d 11.8 1620+] stopped 143 35.35 334 20.6 7.9 4.88 
5 1d 10.4 1970 cracked FAO ie | ae ce Bar 
6 3d 10.0 1970 cracked 157 16.90 on rie 
7 6d 10.2 1970 cracked 098 23 .05 443 | 22.5 13.6 6.90 
8 8d 13.6 1970 cracked .110 7.15 501 25.4 13.6 6.90 
9 1d 13.6 2520 cracked O30) etl lade neyo: ae Bat 

10 3d 14.5 2520 cracked -423 16.90 Wee Ree yO Ee 

Ly 6d 18.5 2520 slip -400+} 23.05 803 31.8 24.7 9.78 

12 8d 14.0+| 2520 stopped 178 27.15 516 20.4 14.0 5.56 

13 1d 13.0 2180 | bar broke (269>F} ee ore Mates 

14 3d 12.0 2180 cracked -446 16.90 ~Hhe saath Rete ri 

15 6d 17.0 2180 cracked .300+| 23.05 738 33.9 22.6 10.37 

16 8d 20.7 2180 bar broke .220+] 27.15 762 34.9 20.7 9.48 

17 ld 13.7 1770 | bar broke | .330+] ..... ape ah Mencis 

18 3d 11.0 2250 cracked 365 16.90 eae Rafe fies Bo 

19 6d 19.4 2250 | bar broke .135+} 23.05 842 37.5 25.8 11.47 

20 8d 16.4 1760 slip 137 27.15 605 34.4 16.4 9.32 

21 10d 18.5 3250 cracked 061+] 31.20 593 18.3 14.8 4.55 

22 12d 13.6 3560 stopped .024 35.35 385 10.8 9.1 2.54 

TaBLe B 
Assumed 
Specimen | Hook Load in : 

No. Diam. | 1000 lb. * %, / : ai 12, Pe Se c | fe 
1 3d 10.2 3540 80 1062 7.5 Bye. 7.2 2.0 
5 1d 10.4 1970 80 591 4.2 6.2 24.8 12.6 
6 3d 10.0 1970 30 591 4.2 5.8 15.4 7.8 
9 1d 13.6 2520 30 756 5.3 8.3 33.2 13.2 

10 3d 14.5 2520 .30 756 5.3 9.2 24.6 9.8 

1d 13.0 2180 30 654 4.7 8.3 33.2 15.2 

i 3d 12.0 2180 30 654 4.7 7.3 19.4 9.0 

17 1d 13x7, 1770 .30 531 ak 10.0 40.0 22.6 

18 3d 11.0 2250 30 675 4.8 6.2 16.6 7.4 
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on the bar is carried by bond on the straight, embedded portion and the 
remainder is carried in bearing on the concrete. These two actions are 
independent of each other. The load carried by the bond stresses does not 
produce a bearing stress under the projection and vice-versa. This is quite 
different from the action of the large hooks in which the bond stresses and 
the bearing stresses act simultaneously, and one stress does not relieve the 
other. The bearing and the bond stresses are each a function of the total 
load for the large hooks. 

For a flat bend the area subjected to the bearing stress is not only the 
cross section of the end of the bar but also the area of the concrete under the 
bend. Hence the compressive area is V4 sq. in. instead of the area of a 1 in. 
round bar. The difference between these two areas amounts to 25 per cent. 

A 3d hook may act, to a large extent, like a flat bend. The dial readings 
show that the whole bar moved downward at the ultimate load and hence 
there could be no rope friction around the bend. The bearing area in this 
case is 14x 144 in. but the bearing pressure is not uniformly distributed as 
shown by the fact that dial No. 1 moved from 100 to 300 times as far as dial 
No. 2. In the absence of definite information as to the distribution of the 
bearing pressure it may perhaps be assumed without much error that the 
pressure varies uniformly from a maximum at dial 1 to zero at dial 2. The 
maximum bearing stress will then be twice the average. 

Without exact knowledge as to the deformations it is not possible to 
compute the proportion of the load carried by the bond stresses and that 
carried by bearing. However, it is possible to determine whether or not the 
total load carried can be accounted for by stresses of a reasonable magnitude. 
An arbitrary division of the load may be assumed and the stresses computed 
on that basis, or one of the stresses may be assumed and the other computed. 
In Table B, a bond stress of 30 per cent of the cylinder strength of the con- 
crete was assumed to act on the straight portions of the bar. The load 
accounted for by this bond stress was deducted from the total load, and the 
bearing stress required to carry the remainder of the load is given. 

The compressive stresses given in Table A were obtained by the use of 
Eq. 3. This equation is based on the assumption that the radial component 
of the tension in the bar at any section is held in equilibrium by the compres- 
sive stresses in the concrete. For a bar having no stiffness or for a bar with 
a uniform tension this assumption is correct. If the tension in the bar varies 
from section to section, the beam action of the bar may distribute the com- 
pressive stresses somewhat and thus reduce the maximum. However, for 
the larger hooks the tension does not diminish rapidly and the reduction in 
compressive stresses from this source cannot be large. Hence stresses approx- 
imately as high as the values shown in Table A must have been developed. 

The specimens with spirals developed bearing stresses of from 9.3 to 
11.5 times the cylinder strength of the concrete with the exception of speci- 
men No. 12 on which the test was stopped. In series V the bearing stresses 
are about 7 times the cylinder strength of the concrete and in series I the 
loads carried are about the same as series V but the cylinder strengths are 
much higher, resulting in lower ratios. 
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In Table B, the ratios of computed bearing stress to the cylinder strength 
of the concrete for the 3d hooks are fairly consistent and agree with results 
shown in Table A, except specimen No. 1. The low ratio for this specimen 
is again accounted for by the high cylinder strength. The compressive 
stresses obtained for the 1d hooks are very high. Is it not possible, however, 
that such stresses may be developed on an area of 14 sq. in. completely sur- 
rounded by a mass of concrete? The greater part of the compressive area 
in this case is perpendicular to the load. For all other hooks the bearing is 
on the side of a round bar and there must be considerable splitting tendency. 
Mr. Mylrea points out that for the 3d hooks the spiral split bodily from the 
specimen and observes that the flat bends did not fail in this way because a 
compression failure occurred at a load lower than that required to split the 
spiral from the rest of the specimen. This conclusion is not evident from 
Table II. For two of the three series having spiral reinforcement, the load 
carried by the flat bends was greater than that carried by the 3d hooks. The 
splitting out of the spiral is more likely due to the greater eccentricity of the 
load on the 3d hooks. 

A study of the values in Tables A and B shows that on the basis of the 
foregoing analysis it is possible to account for the loads carried by the hooks 
without any unusual values of bond stresses. The higher values for the 
hooks of 6d and larger diameter, are well within the limits found by Mr. 
Abrams. The lower values were all found for specimens which failed in some 
other manner and there is no indication that bond failure was imminent. 
For the flat bends and 3d hooks a conservative value for the bond stress was 
assumed and the resulting compressive stresses computed. If higher bond 
stresses were developed, the compressive stresses necessary for equilibrium 
were lower than the computed values. 

The computed compressive stresses are relatively high but quite con- 
sistent for each type of specimen, spiraled or unspiraled. The low values 
are found for specimens which did not fail by cracking. The apparently 
abnormal values developed in the flat bend specimens may be due to favorable 
conditions of the bearing surface. The writer is not aware of any bearing 
tests made under similar conditions, but a bearing stress of even 40,000 Ib. 
per sq. in. does not appear impossible if applied on a small area surrounded 
by a mass of concrete. 

If the analysis presented is correct it becomes a simple matter to com- 
pute the probable strength of a hook. However, in the derivation of the 
equations certain assumptions were made which need verification by further 
tests. Hooks of more or less than 180-deg. bends would be helpful. Load- 
slip curves could also be made on flat-bend specimens in which either the 
bearing or the bond is eliminated to determine the load carried by each. 
Such tests would indicate a reasonable division of the load between bond 
’ and bearing stresses. 

The size of hook necessary to obtain rope-friction action is an open 
~ question. In Table B the 3d bend was treated like a flat bend because the 
whole hook moved downward at the ultimate load. At lower loads these 
bars showed an upward movement at dial No. 2 and rope friction probably 
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played a part in the early stages. Asa matter of fact very reasonable values 
are obtained for the stresses at failure applying Eqs. 1 and 3 to the 3d hooks. 
For larger bars the size of hook required for rope friction may be even greater 
than for these tests, due to the fact that the stiffness of the bar increases with 
the fourth power of the diameter whereas the load increases with the square 
and the moment arm with the first power making the moment increase with 
the cube of the diameter of the bar. 

The author states that the small movement at dial No. 2 indicates that 
the straight portion at the end of the hook had very little influence. From 
Table IT it is seen that dial No. 2 showed movements as large as .085 in. in 
one case. Mr. Abrams found that the maximum bond was developed at an 
end slip of .01. Although the movement at dial No. 2, does not represent 
the slip at the end of the bar, the readings indicate that considerable bond 
must have been developed on the straight portion beyond the hook. The 
bond on this portion is multiplied by about 2.5 at the other end of the hook. 
According to Eq. 1 this straight piece carries from 17 to 36 per cent of the 
total load for the hooks used. 

Mr. Mylrea emphasizes the danger of compressive stresses and the neces- 
sity of eliminating them. The large deformations and the type of failures 
obtained indicate the danger of high bearing stresses. <A large hook will 
reduce the bearing stress developed, but there is often insufficient room for 
such a hook. 

Would it not be feasible to make a hook with a varying radius, similar 
to a spiral? It would be possible to make a hook with a 12d diameter at the 
starting end and decrease the radius, either gradually or by steps, to 3d with 
a straight portion at the end. Such a hook could be contained in the space 
required for a 6d hook and it should be as Strong as a 12d hook. A specimen 
with such a hook can readily be made up in the laboratory and tested. If 
the results indicate the desired advantage, means for bending them on a 
practicable scale should be readily devised. 

CuamrMAN LInDAv.—May I ask the size of the bars in those beams? 

T. D. Mytrea—tThey were nominally %4-in. round, but they were 
slightly oversize, so that the twenty bars gave us an area of almost exactly 
5 sq. in. 

W. A. SLaTER.—Since the spiral hooks did not show as good results as 
might be expected, would Professor Mylrea consider that a spiral hook will 
add to the carrying capacity of the beam above what a hook without a 
spiral will add? 

T. D. Myrrea.—tIn spite of the fact that the spiral hooks did not 
show as great strength in the early loads, I think that spirals would add 
to the ultimate capacity of the member, because without the spirals the 
chances are that the beams would be split long before the ultimate carry- 
ing capacity of the hooks would be reached. 

C. J. Posey, Jz.—I performed some of the experimental work with 
Professor Mylrea, and can reply to Professor Slater’s question. While the 
spirals helped the small hooks considerably, so far as ultimate load was 
concerned, they did not help out the slips at low loads. Also we found 
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that the very large hooks were so large that spirals did not help them 
very much. That is easily understood, because with a large hook the 
slipping forces are distributed over a larger area of concrete. Further, 
they are not so likely to cause local overstress, and, therefore, form a 
better protection against a slipping tendency than would small hooks re- 
inforced with spirals. The stress in the spiral is rather high and the area 
of the steel is small, so that there is a comparatively large deformation 
compared with what would result from a small stress and a comparatively 
large block of concrete; it is these deformations that cause the slip in the 
hooks. 

An inspection of the load-slip curves of the different specimens shows 
that the larger hooks and particularly the 12d hook, carry the greatest 
load with the least slip over the vital range of values for anchorages in 
beams. The splitting force exerted by the 12d hooks is evenly distributed 
over such a large area that they are not likely to split the conerete. In 
the specimen tested to failure, the block although very little larger than 
the specimen and entirely unrestrained, was not split by a (relative) bar 
stress higher than that of any other unreinforced specimen tested. It 
would be interesting to compare the load-slip curve of a 12d hook with 
that of a straight embedment of the same length, slip being measured at 
the loaded end. The maximum bond stress developed, equivalent to 650 Ib. 
for 2000-lb. concrete, would seem to indicate that the 12d hook would be 
the better. 

I do not understand the author’s last conclusion wherein he states, 
“Slip was evident at the point of tangency from very low loads, and 
movement of the whole bar at loads far below the ultimate strength devel- 
oped. Since the prevention of slip is an important function of an anchor, 
hooks have still to demonstrate their right to be styled ‘adequate’ anchors.” 
In the first place, it should be remembered that slip is a necessary part of 
the anchorage. If there is no slip, the anchor is not loaded. The amount 
of the load carried by the anchor in a beam is indeterminate, but will be 
greater if the slip of the anchor is small. For this reason anchors may be 
advantageously compared by means of their loadslip curves, as obtained 
in this investigation. Just what constitutes a “small” slip depends upon 
the proportions of the beam. Tests on beams in which anchors have been 
used have shown substantial increase in carrying capacity, although the 
present investigation disclosed that the hooks used must have slipped 
quite appreciably. Tests by Bach show an increase in carrying capacity of 
about 50 per cent from anchors consisting of hooks of size about 8d. These 
hooks split the concrete at failure. The present investigation shows that 
the large hooks of diameter 12d have much better load-slip curves than the 
smaller hooks, carry a higher load, and are not likely to split the concrete. 
This would certainly seem to give promise of valuable gains from the use 
of these larger hooks. 

T. D. Mytrea.—The German tests show an increase of approximately 
50 per cent in the carrying capacity of beams when semi-circular hooks are 
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used (invariably followed by splitting), whereas in the beams I have shown 
the increase in the carrying capacity was more than 100 per cent, and there 
was absolutely no sign of splitting. I am inclined to think there are much 
better anchors than semi-circular hooks. 

W. A. SLATER.—Suppose you were to use spirals around the ends of 
the hooks. I am wondering if the spirals in order to be close enough 
together to be effective would preclude getting sufficient concrete within 
the spiral. 

T. D. Mytrea.—lI think that was in part the difficulty with the speci- 
mens tested. We tried to get over it by screwing the spirals into the wet 
concrete. I imagine the difficulty would be increased when you tried to 
pour the concrete around and through the spirals. 


SoME FEATURES OF THE T'ESTING OF STEVENSON CREEK 
ArcuH Dam.* 


By WIiLiis A. SLATER.+ 


In the fall of 1925 the Bureau of Standards was called upon by 
Engineering Foundation for advice relative to the construction and for 
assistance in the testing of a concrete arch dam in California which was 
to be built and tested by Engineering Foundation Committee on Arch 
Dam Investigation. The dam was to be constructed for investigational 
purposes only without giving consideration to any possible value of the 
dam for service after completion of the ‘tests. In fact it was to be 
tested to failure if this proved to be feasible and necessary. The writer 
was detailed by the Bureau of Standards to direct the tests for the 
committee in charge of the project. He spent the time from December, 
1925, to September, 1927, in California on this work. Up to the time 
of completion of the load testing in September, 1926, most of the time 
was spent at the site of the dam. The remainder of the time was spent 
at Los Angeles working up a report of the construction and testing. 
The report, which has been published in the Proceedings of the American 
Society of Civil Engineers for May, 1928, covers in considerable detail 
the methods of construction and testing and the results of the test. ‘The 
paper here presented gives principally methods used. in the testing with 
only enough of the results to illustrate the kind of data secured, and 
the methods used in their interpretation. The data secured were volum- 
inous and the reduction and interpretation occupied the equivalent of 
the full time of seven men including the writer for about ten months. 
Although many field tests of structures had been made during the 
previous 15 years and methods had been developed for systematizing the 
work, this test presented problems with regard to scope and required 
accuracy which were beyond similar problems in any other test with 
which the writer is familiar. Considerable time was consumed in finding 
a solution for the problems and developing and systematizing methods of 
interpretation, which would not be necessary in a repetition of a similar 
investigation. 

The successful completion of the work would not have been possible 
except for the wholehearted co-operation of the crew of men who took 
the data and assisted in their reduction and interpretation. These men 
were G. H. Barry, R. W. Carlson, A. W. De Yoe, K. M. Fenwick, Inge 


*Publication approved by the Director of the Bureau of Standards. 
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(273) 


274. TESTING oF STEVENSON CrEBK ARCH DAM. 


Lyse, L. J. Marchand, J. J. Stout and B. E. Wilson. Especial mention 
is made of the constructive part taken by Messrs. Carlson and Lyse. 

The Stevenson Creek concrete arch dam is located about 60 miles 
northeast of Fresno, California. It is 60 ft. high, 2 ft. thick throughout 
the upper 30 ft. of its height and is 7.5 ft. thick at the bottom. Its 


FIG. 1.—TEST DAM AND SURROUNDINGS. 


upstream face is vertical and forms a portion of a circular cylinder having 
a radius of 101 ft. There is no reinforcement in the dam. The gorge into 
which the dam fits is approximately V-shaped, so that although the 
dam is 140 ft. long at the top it has no length at the bottom. The 
foundation and abutments are of solid granite. An undersluice 4 x 6.5 ft. 
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in minimum cross section was built under the bottom of the dam approxi- 
mately on the center line in order to provide sufficient capacity to carry 
away the heaviest flow whenever it was desired to keep the reservoir 
empty. However, a heavy storm in the winter of 1926-27 caused the 
undersluice to clog, and the reservoir has been full of debris and water 
most of the time since then. A 24-in. and a 6-in. gate valve were 
installed for controlling the height of water during testing. Work on 
the excavation of the foundation for the dam began in August, 1925, and 
continued through the succeeding winter. Considerable damage and 
delay were caused by rains which washed down into the site of the dam, 
tunnel muck which had been deposited on the sides of the canyon during 
the construction of a water tunnel several years earlier by the Southern 
California Edison Company. Large rocks were thus loosened which, rolling 


FIG. 2.—ILLUSTRATION OF CONSISTENCY OF CONCRETE. 


down the canyon into the site of the dam did much damage. To over- 
come this the entire dump of tunnel muck (about 20,000 cubic yards) was 
washed out by hydraulic methods. 

Placing of the concrete began on April 19 and was completed on 
June 4, 1926. The concrete was poured in lifts of 15 in., four lifts on 
each day of concreting, that is, about 5 ft. during the day. After each 
day of concreting about three or four days were required for building 
up the forms for another 5 ft. and placing the instruments for the next 
concreting. This gave construction joints every 5 ft. in height and a 
difference of about four days in the age of the concrete above the joint 
from that below the joint. The completed dam and the surroundings are 
show in Fig. 1. 

Crushed granite was used for all aggregates. The largest size passed 
through a 2-in. round hole. The sand was that portion which passed a %-in. 
square mesh screen. The mix stated in terms of these sizes was about 
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1:3:2 by loose volume. The range in consistency of the concrete is well 
illustrated in Fig. 2, which shows slumps of 2 and 6 in. The strength 
of concrete aimed at was 1800 lb. per sq. in. at 28 days. The strengths 
actually secured are shown in Fig. 3. The low strength near the bottom 
can be partly accounted for by the fact that a mix leaner than 1:3:2 
was used in the first day’s pouring. The strength variations near the 
top may have been due to the use of 'a new shipment of cement when 
the construction was nearly finished. The parallelism of the strength 
graphs for the specimens stored in damp sand and those stored at the dam, 
also for the specimens of different ages is good indication that the 
variations shown are largely actual variations in strength and not merely 
vagaries of testing. 
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For the lower 30 ft. of the dam the forms for the concrete were 
wetted with a hose three times a day after the placing of the concrete. 
This wetting did not seem adequate and from there to the top, water 
was kept flowing over the surface at all times that it did not interfere 
with the readings or other work. For this purpose a perforated pipe on 
the upstream face and another on the downstream face were kept at the 
level of the top of the concrete. These pipes were raised as the concreting 
progressed. After completion of construction a single pipe on the top 
of the dam delivered water for both faces of the dam. The location of 
this pipe is shown in Fig, 28. 

All load tests were made at night in order to secure conditions of tem 
perature stability and of uniformity of temperature throughout the dam. 
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The necessity for such a procedure is shown by the fact that: on June 24, 
1926, from 6.00 a.m. to 2.00 p.m., there were temperature changes which 
resulted in strains corresponding to stresses of approximately 100 lb. per 
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FIG. 5.—VIEW OF DAM TAKEN DURING TEST AT NIGHT. 


sq. in. (See Fig. 4.) The fact that the greatest strains did not always 
occur at the positions where the temperature changes were greatest indi- 
cates the complicated nature of the behavior of the dam under tempera- 
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ture changes. For these night tests the dam and the observation platforms 
were well illuminated by electric lights as shown in Fig. 5. 

In the testing, measurements were made of tensile and compressive 
strains, deflections, temperatures, and movements of abutments and 
foundation. Four different instruments were used for either the direct 
or indirect measurement of strains, (1) the strain gage, with which the 
surface strains on the downstream face and above water level on the 
upstream face were measured, (2) the electric telemeter, with which 
the strains within the concrete were measured, (3) the radius meter with 
which the bending strains on the downstream face were measured, and 


FIG. 6.—TYPE OF STRAIN GAGE USED. 


(4) the clinometer, which measured the deflections accurately enough to 
permit determination of bending strains by differentiation of the deflection 
curves, 

. Fig. 6 is a photograph of the strain gage used. The principle upon 
which it operates is that of a parallelogram with one leg of the instru- 
ment attached to one corner of the parallelogram, and the other leg 
attached to the diagonally opposite corner. The two long sides of the 
parallelogram are connected by leaf springs. These springs are flexible 
enough to permit the necessary amount of movement and to serve as 
hinges between two sides of the parallelogram. The idea of this gage 
originated with H. L. Whittemore, of the Bureau of Standards who, at 
the request of the committee, designed and constructed one for its use. 
The final design of the instrument shown in Fig. 6 was worked up by 
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G. S. Binckley, of Los Angeles. The gages used were made of invar 
steel, having a coefficient of expansion of about 0.0000021 per deg. C., and 
were so constructed as to compensate almost completely for the effect of 
temperature changes in the instrument. Frequent readings were taken, 
however, on portable standard reference bars to facilitate the detection 
of accidental errors. The gage length was 10 in. for all strain gage 
readings. 

The electric telemeter was designed by Burton McCollum and O. S. 
Peters, of the Bureau of Standards. As stated by McCollum and Peters 
in Technologic Paper No. 247, of the Bureau of Standards, the electric 
telemeter “depends upon the well-known principle that if a stack of 
carbon plates is held under pressure, a change of pressure will be ac- 
companied by a change of electrical resistance and also by a change of 
length of stack, ete.” By proper mounting and by calibrating the change 
of length against the change of resistance the carbon stack may be used 
to measure strains in a structure. The stack of carbon discs was mounted 
in a cylindrical steel case, (cartridge) having end bearing plates in 
contact with the carbon plates on the inside, and with the concrete on the 
outside, so that the deformation in 6 in. of concrete was transmitted to 
the carbon plates. Temperature changes within the stack cause expan- 
sion or contraction of the discs and other complications which affect the 
contacts and the resistance measured. It is necessary, therefore, to know 
the temperature changes within the cartridges in order to determine the 
temperature corrections to be made. These temperatures were measured 
by a resistance coil of No. 40 enameled copper wire which was included 
in each cartridge. With the coii used a change in temperature of one 
deg. C. caused a change in resistance of 2 ohms. The measurement of 
electrical resistance in the stacks of carbon discs and in the resistance 
coils furnished the data for determining both the strains and the tem- 
perature wherever the cartridges were placed. In all, one hundred and 
forty telemeters were used and these were well distributed throughout 
the dam. Both the strain gage and the electric telemeter measured the 
total deformations over the gage lengths to which they applied. Wherever 
a telemeter was placed on the downstream face another was placed in a 
corresponding position on the upstream face and the algebraic differences 
of the strains on the two faces gave the sum of the bending strains on the 
two faces. With the strain gage it was not possible to take observations 
below water level on the upstream face and it was necessary to find 
independent means for determining bending strains below water level since 
there were not enough electric telemeters to give the bending strains at 
all places where this information was needed. 

For these additional measurements of bending strain, use was made 
of the radius meter and of the deflections measured with the clinometer. 
The instrument here termed radius meter was used to measure the change 
in mid-ordinate of a 40-inch arc of a horizontal element of the dam. The 
fact that the change in mid-ordinate is inversely proportional to the 
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radius of curvature of the deflection curve and proportional to the bend- 
ing moment on the section indicates where the instrument gets its name 
and how the results may be used in the test. The instrument used 
(illustrated in Fig. 7) consists of a wooden bar with contact points at 
either end and an Ames gage at the center for measuring the mid-ordinate. 
Each .001-in. deflection on this 40-in. span corresponds to a bending stress 
of about 100 lb. per sq. in. in the upper half of the dam where the 
thickness is 24 in. It was difficult to be sure of the deflection within 
plus or minus about .0005 in., hence the usefulness of the instrument 
was limited. It is probable, however, that an instrument of this type 
can be developed which will be reliable and accurate. If this can be 
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FIG. 7.—RADIUS METER AND DETAILS OF CONTACT POINTS, 


done it appears to the writer that it will be a most useful instrument 
in structural research. In the test of the Yadkin River Bridge* an 
instrument of this type, designed by the Bureau of Public Roads, was 
used with results which speak well for its possibilities. 

A second measure of the bending strains was afforded by differentia- 
tion of the deflection curves. The deflections were measured by means of 
a clinometer, which consisted of a vertical staff provided with, first, a 
level bubble used to bring the axis of the staff to a vertical position, 
second, a means of bringing the lower end of the staff to the same position 
relative to the dam each time it was used, and third, a micrometer at 
the top of the staff for measuring the variation in distance from a fixed 
point on the dam to the axis of the vertical staff. Some details of the 
clinometer and the brackets used in its application are given in Fig. 8. 


*“Yadkin River Bridge Test Completed” Public Roads, V 
Dacember 190% p ads, Vol. 8, No. 10, p. 230, 
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Comparison of successive readings with the clinometer gave the horizontal © 
deflection between successive stations which were 5 ft. apart vertically. 
The deflections so read are proportional to the changes in slope, hence | 
one differentiation of the curve of measured deflections gives quantities 
proportional to M/EI, and one integration of the curve gives the deflec- 
tion curve for the element to which the curve applies. The deflections 
were so determined on seven vertical elements, and it was therefore 
possible to determine deflection curves for horizontal elements as well as 
for vertical elements. Double differentiation of the deflection curves, 
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(a) AS USED FOR MEASURING DEFLECTION OF DAM. 
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therefore, permits the determination of M/EI and the strain for the 
horizontal elements also. The strains in the vertical direction were so 
determined at intervals of 5 ft. and were quite satisfactory. Those in 
the horizontal direction were determined at intervals of 10 and 20 ft., 
hence they were less satisfactory. 

An instrument termed the level bar was used for measuring changes 
of inclination at the bottom of the dam. The principle of this instru- 
ment is the same as that of the clinometer, but it was used over a 
horizontal gage length of 10.3 in. instead of the 5 ft. used with the 
clinometer. Readings taken with it could be used in the same manner as 
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were those of the clinometer, but the results would probably be more 
subject to the effect of local conditions than are those of the clinometer, 
since it measures change of slope at a given point instead of the average 
change of slope in a distance of 5 ft. Employing, as it necessarily does, 
a shorter gage length than the clinometer, the percentage of error would 
be correspondingly greater. The slope of the brackets on which it oper- 
ates is affected by temperature differences in different parts of the 
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bracket, and this effect on the slope enters as an error in the results. With 
the clinometer only the change in length of the bracket affects the results 
and this change generally is negligible. For use with a horizontal instead 
of a vertical member the advantages and disadvantages of the two instru- 
ments would be completely reversed and the level bar would be more 
generally useful than the clinometer. 

The movements of abutments were measured relative to each other at 
heights of 17 and 33 ft. A %¢-in. dia. invar bar attached at one abutment 
extended along the direction of the long chord at each of these elevations 
to the opposite abutment where it bore against the plunger of an Ames 
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gage which was attached to the abutment rock. The readings were taken 
during the emptying of the reservoir. The use of invar for this bar 
reduced to a negligible quantity the change in length of the bar due to 
variation in temperature during the emptying of the reservoir, and the 
Ames gage measured the sum of the movements of the two abutments 
in the direction of the long chord. At the top of the dam it was not 
possible to provide an invar bar for the full length of the chord, and, 
instead, measurements were made of the total deformations in the abut- 
ment rock within a distance of about 10 feet at each end of the dam. 
The movement of abutments is assumed to be equal to the sum of these 
deformations at the two ends. Similarly to determine the downstream 
movement of the foundation of the dam at the bottom, the total deforma- 
tion in the foundation rock in a distance of 11 feet downstream from 
the downstream face of the dam was measured, and this total deforma- 
tion was taken as the total movement of the dam in a downstream 
direction. A %-in. invar bar 11 ft. long was attached to the foundation 
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FIG. 11.—RESISTANCE MICROMETER... 


rock at the downstream face of the dam at the bottom. The other end 
bore on the plunger of an Ames gage which was attached to the rock 
11 ft. farther downstream. 

The spreading of abutments at the 17 and 33-ft. elevations is shown 
in Fig. 9 for various heads of water in two successive tests. The measured 
downstream movement of the foundation of the dam at the bottom is 
shown in Fig. 10. 

The opening of cracks above water was measured by means of a 
strain gage spanning the crack or by a metal bar attached to the dam 
close to one side of the crack and bearing on the plunger of an Ames 
gage attached to the dam on the opposite side of the crack. The opening 
of a crack under water on the upstream face between the dam and the 
foundation at the bottom was measured by means of a resistance microm- 
eter developed for this test by G. S. Binckley, of Los Angeles. 

The resistance micrometer is an instrument which consists essentially 
of a variable resistance with a sliding contact so arranged that the 
distance through which the contact moves is equal to the movement to be 
measured and approximately proportional to the change in resistance. 
The coil of resistance wire is wound around a core and each end of the 


TESTING OF STEVENSON CREEK ARCH Dam. 285 


wire is connected with an instrument for measuring the resistance. A 
ereat contact slides along the resistance coil, as shown in Fig. 11. A 
third wire is carried from this circular contact to the resistance-measuring 
instrument. As the deflection increases, the contact moves away from 
one end of the coil toward the other end, increasing one resistance and 
decreasing the other. Since the resistance of each part of the entire coil 
can be measured at any time, it is possible to determine the proportionate 
part of the entire range which has been traversed by the contact at any 
time. Although the resistance in the lead-wire may vary with the tem- 
perature, the proportional effect will be nearly the same on all three 
resistances so that the movements may be determined without correcting 
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FIG. 12.—CALIBRATION CURVE OF RESISTANCE MICROMETER, 


for temperature change, length of lead-wire, etc. The length of lead-wire 
will affect the proportionate resistances, but with wires of the size used 
in the test,’ this effect would be negligible. 

A calibration curve for the instrument is shown in) ioe) 12, This 
calibration was made just before attaching the instrument to the dam. 
No reference standard could be used during the test and dependence had 
to be placed upon the calibration curve. The instrument used was not 
designed for under-water measurements and in adapting it to the measure- 
ment in the change of crack width, the essential feature was its protection 
against leakage of water into the resistance coil and into the leads from the 
instrument to the Wheatstone bridge. To accomplish this the entire 
instrument was encased in a boot made from an automobile inner tube, 
and rubber-insulated wires were used. It operated satisfactorily for the 
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purpose of measuring the crack width. (See Fig. 13.) Since then a 
modified instrument has been built by Mr. Binckley, which is encased in 
a metal tube corrugated transversely (sylphon tube) to permit longitudinal 
movement under a small force and to exclude water. 

The opening of a vertical crack, which formed under a head of water 
of about 47 ft. and extended from the top of the dam down to an elevation 


S 
ote 


S 


S 


DEN aes 


zt 
3 

on 

Nios © First fest with each head 

os + Second test with each head 

- 4 Third test with 406 50f1 heads 
8 20 * fourth fest with 40$ 50ft heads 
ot Fifth fest with 50-¢t head 


Nole:- Crack width for no had taken 
as zero opening tor each test 


Pe 


Crack opening, Inches 
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S 


of about 49 ft. on the vertical center-line is shown in Fig. 14. The open- 
ing at the top of the dam was appreciable under a head of only 5 ft. and 
was a maximum under a head of between 45 and 50 ft. Its closing under 
the increased heads is apparently indicative of the influence of the in- 
creased arch stress at the top as the water rose. The locations of the sta- 
tions for measurement with the strain gage, clinometer, telemeter, radius 
meter and level bar are shown in Figs. 15, 16 and 17. Fig. 15 also shows 
locations at which deflections relative to reference towers were to have 
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FIG. 15.—LOCATION OF STATIONS FOR OBSERVATIONS WITH CLINOMETER, 
STRAIN GAGE, AND DEFLECTOMETERS. 
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been measured by means of the resistance micrometer. These towers were 
not built and the deflections were not measured by this method. Fig. 17 
shows also locations of wells in which thermometers were inserted for the 
measurement of temperatures. Fig. 18 shows the manner in which the 
telemeter cartridges, the clinometer brackets and the radius meter plugs 
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Fic. 16.—SKETCH SHOWING LOCATION OF TELEMETERS. 
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FIG, 17.—LOCATION OF STATIONS FOR RADIUS METER, 
LEVEL BAR, AND THERMOMETER, 


were held in position during concreting. The telemeter cartridges near 
the upstream and downstream faces were held in place by means of wire 
brackets. Those for the center of the dam were cast into blocks of mortar 
which after hardening were supported in position by inserting into pipe 
sleeves properly placed in the concrete below, the projecting ends of short 
bars which had been cast into the mortar block. Metal sockets for the 
reception of the radius meter plugs and strain gage plugs were held in 
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FIG, 18.—CONSTRUCTION JOINT AT ELEVATION 20 PREPARED FOR NEXT POUR- 
ING; TELEMETERS, CLINOMETER, BRACKET, AND RADIUS METER 
INSERTS IN PLACE, 


9,—FOUNDATION AND INTERIOR OF FORMS BEFORE CONCRETING. 
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place during construction by means of thin metal templates attached to the 
forms. Templates for the radius meter plugs are shown in Fig. 18 and 
those for the strain gage plugs in Fig. 19. Fig. 19 also shows the condi- 
tion of the foundation rock prior to concreting. The clinometer brackets 
are shown in detail in Fig. 8. The end of a bracket as it projected through 
the form to the interior of the dam is seen in Fig. 18. The exterior ends 
of the brackets projecting downstream are seen in Fig, 28. 

Temperatures found in the interior of the dam (from the telemeter 
cartridges) at station 6, (elevation about 4 ft.) are shown in Fig. 20 
from the date of pouring the concrete at this elevation (April 23, 1926) 
until the completion of the load tests on Sept. 22. These temperatures 
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FIG, 20.—TEMPERATURES AT STATION 6 DURING CURING OF CONCRETE. 


; In the numbering, 6 stands for the station number, C stands for center, 
D for downstream, U for upstream: for the second letters, L stands for 
longitudinal (1. e@., horizontal and parallel to the axis of the ares), D for 
diagonal and V for yertical, ; 


were determined by means of the temperature coils contained in the 
telemeter cartridges. A corresponding diagram for the strains measured 
by the telemeters (other than those due to loads) is shown in Fig. 21. 

The deflections under the 60 ft. head are shown as broken lines im 
Fig. 22, plotted in isometric projection. In the same figure are shown 
equivalent deflections determined from a celluloid model of the Stevenson 
Creek Dam. This model was built and tested under the direction of 
Professor G. E. Beggs of Princeton University, and with the assistance 
of D. B. Sloan, a graduate student at Princeton. The model was an exact 
replica of the dam in proportions but was only one-fortieth of the size 
of the dam. It was loaded with mercury so that at corresponding points 
the pressure on the model was to that on the dam as 13.6 (specific gravity 
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of mercury) is to 40 (ratio of sizes). To obtain the equivalent deflec- 
tions plotted in Fig. 22 those measured on the model were multiplied by 
a factor which takes into account the differences between the dam and 
the model with respect to size, modulus of elasticity and pressure per 
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FIG. 22.—COMPARISON OF DEFLECTIONS OF MODEL WITH THOSE OF STEVENSON 
CREEK DAM UNDER 60 FT. HEAD OF WATER. 

at 

wr 
unit of area. The model was more nearly fixed in direction at the abut- 
ment line than was the dam and the difference shows up in the shape of 
the two sets of deflection curves. The agreement between the two sets 
of deflection curves is as good as can be expected in view of the difference 
between the restraint at the edges, and in view of the fact that there 
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were cracks on the vertical center line of the dam at the time of these 
measurements. The deflection curves give a good general idea of the 
manner of distribution of the bending stress and the results shown in 
Fig. 22 are suggestive of great possibilities in the use of models for the 
investigation of such problems as this. 

The strain gage stations were laid out in such a way that at a large 
number of points on the downstream face of the dam strains were meas- 
ured in four directions 45 deg. apart. This layout is shown in Fig. 15. 
From the strains measured in any three directions at a point the deter- 
mination of the magnitude and direction of the maximum strain is 
possible. With strains measured in four directions four such determina- 
tions are possible. Fig. 23 shows the average magnitude and direction 
of the maximum strain so determined for each of the points for which 
the data were available. Below the 30-ft. elevation there was a tendency 
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FIG. 23.—LINES OF EQUAL STRAIN AND DIRECTIONS OF PRINCIPAL STRAIN FOR 
60 FT. HEAD OF WATER. 


for the maximum strain at the abutment to approach a direction normal 
to the abutment Hine. Elsewhere it was generally horizontal but in a few 
places it was nearly vertical. If at a point in a vertical surface, one of 
the two principal strains is horizontal the other must be vertical. The 
indication, therefore, is that the common expedient of using horizontal 
and vertical co-ordinates for the computation of the stresses in a dam finds 
justification in the behavior of the dam as well as in expediency for the 
simplification of analysis. 

On the vertical center line of the dam a continuous row of strain 
gage lines 10 in. center to center extended from top to bottom of the 
dam. Similarly at the 30-foot elevation a continuous row of strain gage 
lines 10 in. center to center extended the full horizontal length of the dam. 

Fig. 24 illustrates the method by which the deflection and strain 
curves for the vertical sections were utilized. This figure shows results 
for the vertical center line, and the average for the two sections 10 ft. 
either side of the center line, and for the two sections 30 ft. either side 
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FIG. 24,—DEFLECTIONS, STRAINS, MOMENTS, SHEARS AND LOADS FOR VERTICAL 
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HEAD OF WATER 60 FT., DAM CRACKED AT TOP AND BOTTOM. 
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of the center line. The graphs in the block at the extreme left show the 
deflections obtained by a single integration from bottom to top of the 
deflections measured with the clinometer. The graphs in the second 
block (toward the right) show the strains obtained by a single differen- 
tiation of the deflections measured with the clinometer. This is equivalent 
to a double differentiation of the deflections of the first block. As a 
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FIG, 25.— COMPARISONS OF BENDING STRAIN FROM CLINOMETER, TELEMETER, 
AND RADIUS METER DATA, WITH TOTAL STRAINS FROM 
STRAIN GAGE FOR HORIZONTAL ELEMENT AT ELEVATION 
OF 30 FEET UNDER HEAD OF 60 FEET. 


check on the correctness of the strains obtained by differentiation of the 
deflections, the strains measured on the vertical center line with the 
strain gage are also shown in the second block at the top of Fig. 24. 
From the strains the bending moments, M, shown in the third block were 
computed from the equation 


t/2 
where EH, e I and ¢ are modulus of elasticity of concrete, measured strain, 
moment of inertia and thickness of the dam respectively. The shears in 
the fourth block were obtained by a single differentiation of the moment 
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curve and the loads in the fifth block by single differentiation of the shear 
curve. In so many differentiations there are great opportunities for 
error and repeated trial is frequently necessary to insure even approximate 
correctness in the differentiation. The test generally employed as a 
criterion for the correctness of differentiation was the integration of the 
differential curves for comparison with the curves from which they were 
derived. The moment and strain curves derived by successive integration 
of the load curves are shown in dotted lines and the agreement is seen 
to be very good. An additional check, available in some cases, is a com- 
parison of the strains found from differentiation of the deflection curve 
with the strains measured with the strain gage. This has already been 
mentioned. The loads shown in the fifth block (the block toward the ex- 
treme right) are those which cause bending of the vertical elements. 
This load may be thought of as a load carried by bending instead of a 
load causing bending depending upon the point of view. Another portion 
of the load will be carried by direct thrust (arch action), and still an- 
other portion by bending in the horizontal elements. A further check is 
found in the comparison of the sum of the loads carried by the different 
means with the total load known to have been applied. This will be 
discussed later. 

The total strains for the full length of the dam at the 30-ft. elevation, 
that is, the sum of the bending and the direct strains, as determined from 
the continuous row of strain gage lines, are shown in the lower graph of 
Fig. 25. The bending strains for the same elevation determined by three 
independent methods are shown in the upper group of graphs in the 
same figure. The difference between the total strain and the bending 
strain, represented in Fig. 25 by the vertical distance between the average 
graphs for the total and the bending strains, is the direct strain at the 
30-ft. elevation, caused by the arch action as distinguished from the 
bending strain. The constancy of this direct strain throughout the length 
of the dam at this elevation, which may be noted in this figure, forms 
the experimental basis for the assumption of a constant arch thrust at all 
points at this elevation. These results are for a head of water of 60 ft. 
Similar results for other heads and for other elevations appeared to justify 
the use of this assumption as a working basis for all parts of the dam, 
though it is recognized that the arch thrust cannot be exactly equal at 
all points in any elevation. 

The direct strains, ¢ determined as shown in the preceding paragraph, 
have been used to compute the loads, p, carried by direct thrust (arch 
action) from the formula 


R 


in which R is the radius of the dam and the other symbols are as pre- 
viously defined. Fig. 26 shows the strain, ¢ and the loads, p, obtained 
for the 60-ft. head of water. At all stages of the test there was much 
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uncertainty regarding the conditions near the bottom of the dam. Under 
the 60-ft. head this uncertainty was greater than under the lower heads 
and is indicated by the dotted lines in the lower portions of the graphs. 
The increased uncertainty under the 60-ft. head probably is due mostly to 
the occurrence of a vertical crack near the bottom of the dam which was 
not there with the lower heads. 
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FIG. 26.—STRAIN AND LOAD DUE TO DIRECT COMPRESSION IN ARCH ELEMENTS 
FOR VARIOUS ELEVATIONS WITH WATER AT 60-FT. ELEVATION, 


The loads carried by bending in the horizontal elements were found by 
successive differentiation of the curves of bending moment determined from 
the bending strains for those elements. As illustrated in Fig. 25, some 
of the curves for bending strains were quite irregular, and the obtaining 
of a reliable value for the load carried by horizontal bending was difficult. 
However, all the checks available were used and the results obtained are 
believed to represent the conditions fairly closely. 

The previous discussion has treated the vertical and horizontal 
elements as though they were independent, that is, as though the sum 
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of the loads carried by direct thrust and by bending on any two of these 
elements at their intersection must equal the total water pressure within 
the area of the intersection. Evidently there will be a torsion in any two 
such intersecting elements, and this introduces a so-called equivalent 
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FIG. 28.—APPEARANCE OF DAM WITH RESERVOIR FULL. 


torsional load which must be added to the direct and bending loads. These 
torsional loads were difficult to determine, but the data which were avail- 
able indicated that they are so small everywhere in the dam as to be 
negligible. In the final checking up of the loads accounted for from the 
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test data, with the total pressure at a given elevation the torsional load 
has been neglected. Fig. 27 shows the ivads found to have been carried 
by (1) horizontal bending, (2) arch thrust, and, (3) vertical bending at 
various elevations for three vertical sections of the dam, namely, the 
vertical center line section and sections 10 and 30 ft. from the center. 
In the block at the extreme right of this figure is shown a comparison of 
the total water pressure at various heights with the sums of the loads 
1, 2 and 3 for the three sections mentioned above. 

The appearance of the dam with the reservoir full is shown in Fig. 
28. This figure shows also the lifeline provided for the safety of the 
men who operated the gate valves. The staging seen on the downstream 
side was used during the construction to support the form work, and 


FIG. 30.—RESERVOIR FILLED WITH DEBRIS TO ELEVATION OF ABOUT 40 FT. 


during the testing to support the observation platforms at elevations of 
approximately 15, 25, 35, 45 and 55 ft. Similar staging on the upstream 
side was submerged. 

After completion of the load test the dam was left with the 4 by 6.5-ft. 
undersluice open but a storm in the latter part of November, 1926, 
choked the undersluice and destroyed the staging. Water flowed over 
the top of the dam to a maximum depth of about 3 ft. Fig. 29 shows 
the appearance after the severest part of the flood had passed. Some 
water flowed over the top of the dam until the summer of 1927. When 
the water had subsided it was found that the reservoir had been filled 
to an average elevation of more than 40 ft. with debris. Fig. 30 shows 
the appearance in the reservoir on July 14, 1927, after the water had 
subsided. The top layer of the debris consists of fine sand, but it is to 
be expected that below the surface large rocks would be found. On the 
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downstream face two cracks, one on either side of the vertical center 
line, have appeared since the completion of the load tests. Both cracks 
are about 20 ft. from the center line and they incline toward the center 
line as they extend upward. It is possible that the cracks were caused 
by impact of heavy rocks falling against the dam during the storm, but 
their symmetry with respect to the center line suggests that more likely 
the pressure of the debris has been enough greater than that of the 
water pressure to cause the cracks. The amount of pressure might be 
determined approximately by measuring, by means of the clinometer, the 
recovery in deflection of all parts of the dam on removal of the debris, 
and deducing from the deflections the load distribution. However, there 
has been so much opportunity for flow of the concrete under the con- 
tinued load that the load so determined would not be likely to represent 
the highest pressure which at some time may have been applied by the 
debris. These are the only cracks known to have formed during the time 
of the storm and later. However, some of the other cracks are somewhat 
larger than they were previous to the storm. 

In the upper left hand block of Fig. 24 there is shown for comparison 
with the measured deflections, on the vertical center line under a head 
of water of 60 ft., the deflections computed in the design of the dam. At 
mid-height the agreement is reasonably good. From the shapes of the 
curves it is apparent that in computing the deflections the dam was 
assumed to be fixed at the base whereas in the test it proved not to be 
entirely fixed. However, for the central vertical section the agreement 
of the moments and loads obtained from the tests with those used in 
the design was found to be reasonably good. The cylinder formula, which 
assumes the dam to be a portion of a complete circular cylinder (under 
external pressure) of the same height and the same radius as the height 
and radius of the dam was found to be inadequate for representing the 
conditions existing in an elastic arch of this type. 

For the portions of the dam at and above the 40-ft. elevation the 
assumption of an elastic arch with uniform radial loading would not 
give stresses sufficiently close to those found from the test to warrant, 
such an assumption as a ‘basis for design. For the 30-ft. elevation the 
agreement of the stresses arrived at on the assumption of uniform radial 
load on the arch elements, with those found from the test was reasonably 
good. At this elevation the loads and stresses found from the test agreed 
with the results of analysis based on an assumed arch fixed at the ends, 
better than with an analysis based on an assumed hinged arch. 

It seems evident from the test that no analysis of the dam which 
considers it merely as a series of disconnected arch ribs superimposed one 
upon another can give loads and stresses reasonably close to those actually 
resisted by the dam at all of its parts. 

Of the instruments used in this test, the clinometer, the strain gage 
and the electric telemeter were about equally useful. The bending and 
direct strains could be determined by any two of them alone, but there 
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were certain places and functions for which each of the three instruments 
was particularly well adapted. These functions have been brought out in 
the test sufficiently that in a future test better application of their 
adaptabilities could be made. For example, telemeters and strain gages 
should be used on the upstream and the downstream faces of the dam, 
respectively, close to the abutments or other supports in order to determine 
both the bending and the direct strains at these positions. Although 
the bending strains were computed satisfactorily from the measured 
deflections, it was not possible to determine the strains in this way closer 
to the abutment or support than one full gage length away. For the 
vertical elements this was 5 ft.; for the horizontal elements it was much 
greater. With the telemeter and strain gage the strain may be determined 
at positions not over 5 in. from the support. This information would be of 
much value in determining load distribution at the bottom of the dam and 
at the abutments where so much trouble was experienced in this test. 

The radius meter served the useful purpose of giving a check of the 
bending strains measured by other methods. This was especially important 
in the test of the Stevenson Creek Dam, which may be considered to be in 
the nature of a pioneer test, but it is an important consideration in any 
test. 

In comparison with other field tests with which the writer is familiar, 
the test of the Stevenson Creek Dam has been highly successful. An im- 
portant part of the success undoubtedly was due to the availability of 
instruments well adapted to the uses made of them, to the taking of 
readings at night, and to constant and untiring effort on the part of the 
observers. A feature, however, without which the test could not have been 
successful was the fact that it was possible to take the no-load and the 
load readings within so short a time of each other that there was 
not time for strains due to “flow” of the concrete, or other inelastic 
strains, to obscure the strains due to stress. Field observations on a 
number- of service dams have been made by the Committee on Arch Dam 
Investigation. Some results of value have been obtained, but little infor- 
mation has been gained which throws light on the strains due to load, 
although the strain gage readings appear to have been taken carefully and 
accurately. The failure of these tests is due most likely to the fact that 
the long time elapsing between the no-load and the load readings permitted 
strain due to flow and shrinkage of conerete which were so large as to 
obscure the strains due to the stress. Tests are now being projected which 
include a study of methods of eliminating these disturbing features. Until 
such methods have been developed it seems that any field test should 
provide a method of taking no-load and load readings in close sequence if 
it is expected to determine strains due to loads. 


Mr. Davis. 


Discussion.—StTEvENSON CREEK Dam. 


R. E. Davis.—I think it would be of interest to those here to know 
something concerning the concrete that went into that dam. The aggregate 
was entirely granite containing a considerable amount of fine material— 
one test showed 26 per cent passing the 100 mesh sieve. One of the sur- 
prising things about the concrete was that this fine material apparently 
had little effect on the shrinkage which is contrary to what we usually find. 
We have been running a series of tests to determine permeability, and this 
concrete is unusually impervious. Under a 150-Ib. pressure continued for 
2 weeks on a disc 4 in. thick, the penetration was only 2 in. This is another 
example of what Professor White illustrated, that the swelling of the col- 
loids keeps the water from penetrating farther into the mass. Another in- 
teresting fact we discovered is that a concrete in which the aggregate is 
granite has considerably less shrinkage or expansion, or I might properly 
say a less volumetric change with changes in moisture conditions, than does 
one where the aggregate is composed of gravel. Likewise the coefficient of 
thermal expansion for this particular concrete is lower than we ordinarily 
assume it to be for a concrete. All of which indicates that perhaps granite 
is not such a bad aggregate after all. 


FLow oF CONCRETE UNDER SUSTAINED COMPRESSIVE STRESS. 


By Raymonp E. Davis.* 


1. Introduction.—It is a fact long recognized that concrete is a mate- 
rial which, when subjected to sustained stress, continues to yield or to 
deform over a considerable period of time, so that the stress-strain relation 
accompanying the instantaneous application of load may be quite different 
from that existing after the lapse of time. The property of thus yielding, 
which has been referred to by various designations, will in this paper be 
termed flow, and it will be understood that flow includes only that plastic 
deformation which takes place subsequent to the application of load. 

In order to learn more of the influence of various factors upon the 
flow of concrete the writer, in the summer of 1925, inaugurated a series 
of tests on plain concrete cylinders held in compression. These tests were 
designed to show the time-flow relation as affected by the following: 
Cement ratio. 

Gradation of aggregate. 
Moisture conditions of storage. 
Age at time of loading. 
Magnitude of compressive stress. 

This paper describes these tests and presents the results so far 
obtained. 

2. Acknowledgments.—The tests described herein were conducted in 
the Materials Testing Laboratory of the University of California. The 
funds for carrying on the work were derived partly from grants of the 
Research Board of the University of California and partly by contribution 
of the Portland Cement Association to the Committee on Arch Dam Inves- 
tigation of Engineering Foundation. 

The experimental work was largely performed by Messrs. G. A. Sedg- 
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3. Scope of Tests.—The tests are divided into two series which for 
convenience are designated after the year in which the work of observation 
was begun. In all, 69 specimens have been subjected to sustained load. 
In all cases the temperature has been maintained constant at 70 deg. F., 
and the relative humidity of the atmosphere surrounding the specimens 
stored in air has been 70 per cent. 

1925 Series.—The specimens of this series were cylinders 6 in. in diam- 
eter by 24 in. long, stressed to 640 lb. per sq. in. To study the effect of 
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richness of mix and of gradation of aggregate, the series was divided into 
four groups of six specimens each; one group of rich mix and high fineness 
modulus; a second of lean mix and high fineness modulus; a third of rich 
mix and low fineness modulus; and a fourth of lean mix and low fineness 
modulus. 

To determine the influence of moisture conditions, one-half the speci- 
mens were stored in air of 70 per cent relative humidity after loading, and 
the remainder were stored in water spray at 70 deg. F. 

In addition to the 24 specimens under load, four specimens, one from 
each group, were stored in air without being stressed, in order that cor- 
rections could be made in the observed deformations of the loaded speci- 
mens to allow for changes in length due to causes other than flow. 

Also 6 x 12-in. cylinders of the same character of concrete as that used 
in making the 6 x 24-in. cylinders were made and were tested to determine 


TaBie 1.—Stmve ANALYSES OF AGGREGATES (1925 Sprigs). 
ee meee Ea eae as ARE Tee Eye A ge Se 
Per Cent Passing 


Sieve No. 
Niles Gravel | Niles Gravel and Rock 
lin. Sele 83.3 
34 in : nae 59.5 
8% 100. 38.5 
4 96.1 25.4 
wiesleis sine 66.3 15.0 
Noe 40.8 9.1 
Heo erate 23.5 5.9 
Bee 9.2 2.4 
LOO Fr Paarl Rt vey faire a AT a ners 2.0 1.0 
Rineness:Madilug's. (np manatee ac ene eee fe tk en 3.52 6.60 
a 


their ultimate compressive strength at the time the sustained loads were 
applied. 

Santa Cruz portland cement was used, and the aggregate was Niles 
gravel for the mixes of low fineness modulus, and a mixture of Niles gravel 
and crushed rock from the quarries uf the Oakland Building Materials 
Co. for the mixes of high fineness modulus. Table 1 shows sieve analyses 
of the two aggregates. 

For the rich mixes the cement ratio was 1: 4; for the lean mixes the 
cement ratio was 1:7. The relative consistency was 1.3. 

Aiter casting, the specimens were kept wet for 48 hours and then 
were immersed in water. Table 2 indicates the curing and storage condi- 
tions. This table also shows the nomenclature used in identifying the 
specimens, “D,” standing for dry, being used to designate storage in air 
and “W,” standing for wet, being used to designate storage in water spray; 
“R” referring to the rich mixes of 1: 4 cement ratio, and “LL” referring to , 
the lean mixes of 1:7 cement ratio; the number “1” standing for aggre- 
gate of high fineness modulus (6.60); and “2” for the aggregate of low 
fineness modulus (3.52). 
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Consulting the table, it will be seen that those specimens which were stored 
in air during the loading period were cured approximately two months in 
water and five months in air before the load was applied. The specimens 
which were kept wet after loading were stored continuously under water 
prior to loading. It will also be seen from the table that, in general, load 
was applied at the age of about seven months. 

1926 Series.—The specimens of this series were cylinders 4 in. in diam- 
eter by 14 in. long, 45 being subjected to constant sustained loads pro- 


Taste 2.—CurtnG Conpitions anp Ages oF Specimens (1925 Smriss). 


Curing Conditions Prior to Loading 


Specimen » Age at Loading, 

Monthsin Water | Months in Air seus 
2.0 5.3 7.3 ar 
2.0 5.0 7.0 
2.0 5.3 7.3 
2.0 5.2 Control 
1.8 5.4 7.2 
1.8 5.4 7.2 
1.8 5.4 7.2 
1.8 5.3 Control 
2.0 5.2 7.2 
2.0 5.2 7.2 
2.0 5.2 7.2 
2.0 bis Control 
D2, 5.3 7.0 
5 lef 5.0 6.7 
that 5.4 Taal 
127, 5.5 Control 
5.4 54 
7.4 7.4 
5.8 5.8 
TieN ek 
7.2 7.2 
7.3 7.3 
7A 7.1 
7.2 7.2 
7.2 7.2 


ducing compressive stresses from 200 to 1,200 lb. per sq. in. In addition 
to those specimens subjected to load, 15 additional cylinders of the same 
dimensions were stored without being stressed, in order that observations 
might be made and corrections applied to the observed deformations of 
the loaded specimens to allow for changes in length due to causes other 
than flow. 

For all specimens, the concrete was of the same quality, being identi- 
cal in character with that employed in the construction of Stevenson Creek 
Dam, upon which an exhaustive series of field tests has recently been com- 
pleted under the direction of Engineering Foundation. It was composed of 


306 ConcreTE UNDER SUSTAINED CoMPRESSIVE STRESss. 


1 part Colton cement, to 3.01 parts fine aggregate, to 1.15 parts medium- 
sized aggregate, to 0.89 parts coarse aggregate, measured by weight, the 
gradation of the aggregate being shown in Table 3. All of the aggregate, 
including the fine material, was granite. 

The water-cement ratio was 1.03 by volume, or 0.64 by weight. The 
average slump, as determined by the standard slump test, was 3.2 in. 


TABLE 3.—Sinve ANALYSES OF AGGREGATES (1926 Srrtms). 
EE MINS ne 
Percentage Passing 


Sieve No. 


Fine Medium Coarse 
Aggregate Aggregate Aggregate 


+ EBA 86.7 
ease mates 32.3 
3.3 


Taste 4.—Conpitions or Storage anp LOADING (1926 Szriss). 


Curing Age at Time Unit Stress 
Group Conditions Storage While Loaded of Loading |} Ib. pa aa 
4 5 
2 days 200 
if Pek 300 
y fehabe 600 
28 “ 300 
28:04 600 
28° 900 
Me 300 
28 ns 600 
28'42* 900 
3 mo 600 
sect 900 
ce 1200 
Ps SS. Sikoee 600 
oe Wea Air at 70% humidity... se3 900 
AS ee hs 1200 


Table 4 indicates the curing conditions to which the specimens were 
subjected prior to loading, and the conditions which have been maintained 
subsequent to loading. The table also shows the age at which the load was 
applied and the intensity of compressive stress. 

Consulting this table it will be seen that the series is divided into 


15 groups of specimens some of which are stored in water at 70 deg. F. 
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and some of which are stored in air at 70 deg. F. and 70 per cent relative 
humidity. 

In the nomenclature of the several groups shown in Column 1, “W” 
and “D” stand respectively for water and air storage. “A,” “B,” “O,” and 
“D” stand respectively for the ages of 2 days, 7 days, 28 days, and 3 
months, at which ages the loads were applied; and the numbers 2, 3, etc., 
indicate the compressive stress in hundreds of pounds per square inch. It 
is seen that 9 groups are stored in water, and 6 groups are stored in air, 
the loads of 200, 300, 600, 900 and 1,200 lb. per sq. in. being applied. 

4. Testing Apparatus and Methods.—For the specimens of both series, 
deformations were measured with a strain gage, gage lines being at the 
third points of the circumference of each specimen. 

For the 1925 series, deformations were observed with a Berry strain 
gage of 20-in. gage length; for the 1926 series, observations were taken 


FIG. 1.—FULCRUM-PLATE STRAIN GAGE. 


with a 10-in. fulcrum-plate strain gage based upon the principles patented 
by Whittemore but detailed and manufactured in the shops of the Materials 
Testing Laboratory of the University of California. Fig. 1 is a photo- 
graph showing the details of the fulcrum-plate strain gage. In passing it 
is perhaps appropriate to mention the marked superiority of this type of 
gage over any other so far devised. 

In each specimen the load has been maintained constant by means of 
a car spring reacting against one end of the cylinder, car spring and speci- 
men being clamped by a system of rods and plates, as illustrated in Fig. 2. 
The desired load is applied by compressing the car spring in a testing 
machine. In order to remove the disturbing influences of variable tem- 
perature the small portable testing machine shown in Fig. 3 was con- 
structed specially for these tests, and during the process of loading was 
moved into the constant temperature room where the specimens were 
stored. Fig. 3 also shows a specimen in position in the testing machine 
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preparatory to loading. When the desired load, as indicated by the gage 
of the testing machine, had been applied, the nuts on the rods of the load- 
sustaining apparatus were brought to a bearing against the end plates. 
Thus, when the load on the testing machine was released, the compression 
in the spring was maintained by tension in the rods. This method of 
maintaining the load has proven very satisfactory, since it is possible to 
place the specimens in any position after the load has once been applied. 
Also the magnitude of the load may be readily determined at any time by 
placing the specimen in the testing machine, and observing the load at 
which the nuts again become loose. In no case has there been discovered 


FIG. 2,.—APPARATUS FOR MAINTAINING LOAD, 


a measurable difference between the original load and that existing after 
an interval of time, even though that period be a year or more. 

For those specimens stored in air a special insulated room was con- 
structed, this room being equipped with electric heaters thermostatically 
controlled, and with special apparatus for maintaining constant humidity. 
Fig. 4 is a photograph showing some of the specimens in storage. By 
means of these controls it has been found possible to maintain temperature 
within 1 deg. F. and to maintain relative humidity within 1 per cent. 

Fig. 5 shows a group of the specimens immersed in water, similar 
devices being installed to maintain water and surrounding air temperature 
within 1 deg. F. 

The program of tests makes necessary strain-gage observations on 
each specimen just prior to and immediately following the application of 
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load, and at intervals thereafter, the time between observations being a 
day or less at first when the flow is rapid, and gradually increasing up 
to a month as the flow becomes less rapid. Accompanying these observa- 


FIG. 3.—APPLYING LOAD TO SPECIMEN. 


tions strain-gage measurements are, in general, taken on control specimens, 
in order that changes in length of the loaded specimens due to causes other 


than flow may be determined. 
5. Results of Tests (1925 Series) —In Figs 6a, 6b and 7a, 7b are 
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shown diagrams for each of the several groups of this series, the magnitude 
of the flow being indicated by the ordinates and the time loaded in days be- 
ing given by the abscissae. It is seen that the record extends over a period 
of about 150 days. The values given by the diagrams of Figs. 6a, 6b, which 


Cor tro ss 


FIG. 4.—-STORAGE ROOM, 


are for specimens stored in air and loaded at the age of about 7 months, 
are net flows, corrections for shrinkage having been made and the elastic 
deformation taking place upon the application of load having been de- 
ducted. The values given by the diagrams of Figs. 7a, 7b, which are for 
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specimens stored under water until loaded at the age of about 7 months 
and thereafter subjected to water sprays, represent the combined effect 
of flow and the expansion subsequent to loading due to whatever cause. 
Consulting the diagrams of Figs. 6a, 6b, it is seen (1) that at the end 
of the 5-months’ pericd over which observations extended the flow had in 
no case ceased; (2) that for the same character and gradation of agegre- 
gate the leaner the mix the greater the flow; and (3) that for the same 
cement ratio the lower the fineness modulus the greater the flow. For 
each group the rate of flow is greatly reduced after the first ten days. 


FIG. 5.—SPECIMENS IMMERSED IN WATER, 


Except for the group of lean mix and low fineness modulus (DL2 group), 
it appears that the flow has nearly ceased at the termination of the 5- 
months’ loading. The maximum flow of the DL2 group is more than 
¥Y, in. per 100 ft., but for the DR1 group (high fineness modulus and rich 
mix) the maximum flow is only about 4 in. per 100 ft. 

Consulting the curves of Figs. 7a, 7b, for which the specimens were 
wet continuously by spraying subsequent to loading, it is seen that during 
the first ten days or so the flow was rapid, but thereafter its rate decreased 
rather abruptly until at the end of 30 to 60 days its rate was equalized 
by swelling and the specimens began to elongate or to expand due to other 
influences than that of compressive stress. It appears that had the tests 
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been long continued this expansion after the cessation (or reduction of 
the rate) of flow would have perhaps exceeded the total flow and the net 
result would have been an elongation. So far as the influence of richness 
of mix and gradation of aggregate upon the flow are concerned, the dia- 
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FIG. 6B.—FLOW OF SPECIMENS STORED IN AIR (1925 SERIES). 


grams indicate the same general effect as for the specimens stored in air, 
that is, other things remaining equal, the leaner the mix and the lower 
the fineness modulus, the greater the flow. 

Comparing Iigs. 6a, 6b, and 7a, 7b, it is seen that the flow of the speci- 
mens stored in water spray’ is materially less than the flow of correspond- 
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ing specimens stored in air. Thus for the groups of lean mix and low 
fineness modulus, the maximum flow of the water sprayed group (group 
W112, Fig. 7b) is 0.009 per cent, less than one-fifth the flow which had 
taken place in the corresponding group of specimens stored in air (DL2 
group, Fig. 6b) at the end of the 5-months’ loading period. 

At the end of the 5-months’ loading period the specimens were tested 
to their ultimate compressive strength, the stress-strain relation being 
determined. Table 5 shows for each group the ultimate compressive stress 
and the secant modulus of elasticity at 1,000 lb. per sq. in. 
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FIG. 7B.—FLOW OF SPECIMENS STORED IN WATER SPRAY (1925 SERIES). 


It is interesting to note that, while without exception the ultimate 
strengths of the specimens stored in air are higher than for corresponding 
specimens stored in water spray, the reverse relation is, in general, true 
when the corresponding secant moduli are compared. 

6. Results of Tests (1926 Series).—¥Figs. 8 to 11 give graphically the 
history of the several groups of the 1926 series, for which stress and age 
at time of loading were varied but the quality of concrete was the same 
for all specimens. For each of these figures, the ordinates of the curves 
are net flows in per cent, corrections having been made for volumetric 
changes due to other causes than stress, and the abscissae represent times 
in days from the instant of application of load. Near the right end of 
each of the figures there is also shown by vertical lines the corresponding 
deformations which took place immediately upon the application of load. 
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These have been termed the elastic deformations. Thus there is afforded 
a ready means of comparing flow taking place subsequent to loading with 
the elastic deformation produced at the instant of loading. In the figures 
the full-line curves are for groups stored in water and the dash-line curves 
are for those stored in air. It is seen that the period of sustained loading 
extends over about one year. Each plotted point represents the average 
flow of the several specimens in the given group at a given time. 

Fig. 8 gives the time-flow curve for the specimens loaded at the age 
of two days, the sustained compressive stress being 200 lb. per sq. in., and 
the specimens being stored under water. It appears that after a year the 
flow, amounting to nearly 0.02 per cent, has practically ceased. This flow 
is somewhat more than half the elastic deformation. 

Fig. 9 gives the results obtained with the two groups loaded at the 
age of seven days and stored under water, one group being stressed to 
300 Ib. per sq. in., and the other being stressed to 600 Ib. per sq. in. It 


Taste 5.—Compressive STRENGTH AND SECANT Mopvuuvus oF ELAsticiry 
AT 1000 LB. PER sq. IN. (1925 sERIEs). 


SR 2 Ee Eee 


t Ultimate Secant 
Mix Fineness Strength, Modulus, Storage 
Modulus | yp, per sq. in. | Ib. per sq. in. 
1:4 6.60 4540 4,090,000 Air 
1:4 3.52 3600 3,170,000 ir 
URYS 6.60 2170 3,570,000 Air 
Lae 3.52 2160 2,470,000 Air 
1:4 6.60 3850 5,380,000 Water 
1:4 3.52 8320 4,670,000 Water 
WISYA 6.60 1990 3,080,000 Water 
iA 3.52 1890 3,060,000 Water 


appears that the flow taking place under a stress of 600 Ib. per sq. in. is 
more than four times that taking place under a stress of 300 Ib. per sq. in. 
At the end of a year the flow is a little less than the elastic deformation 
which took place at loading. At the lower stress the flow appears to have 
nearly ceased, but at the higher stress it is still increasing slowly, at 
the end of one year amounting to nearly % in. per 100 ft. It is instruc- 
tive to note that most of the flow took place within the first three weeks. 

Fig. 10 gives the results obtained with the six groups loaded at the 
age of 28 days, three groups stressed respectively to 300, 600, and 900 Ib. 
per sq. in. being stored under water, and three groups similarly stressed 
being stored in air. At the end of a year for each of the three stresses 
the flow of the specimens stored in air is roughly double that of corre- 
sponding specimens stored in water and is materially greater than the 
corresponding elastic deformation. Also it appears that for either wet 
or dry specimens the flow which takes place within the period of a year 
is proportionally greater for the higher stresses; that is, the flow at a 
stress of 600 Ib. per sq. in. is more than twice as great as that at 300 Ib. 
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per sq. in§ and the flow at 900 Ib. per sq. in. is more than 3/2 as great 
as that at 600 lb. per sq. in. At the end of a year the water soaked 
specimens subjected to stresses of 300 and 600 lb. per sq. in. appear nearly 
to have reached a state of flow equilibrium; but all others are still flowing, 
and the air dry group stressed to 900 lb. per sq. in. seems to be decreas- 
ing in length rather rapidly. This latter group (DC9) exhibits a flow of 
more than 1 in. per 100 ft.; the corresponding water soaked group (WC9) 
shows a flow of more than % in. per 100 ft. 

Fig. 11 gives the results obtained with the six groups loaded at the 
age of 3 months, conditions being similar to those described in the preced- 
ing paragraph except that stresses of 600, 900, and 1,200 lb. per sq. in., 
instead of 300, 600, and 900 Ib. per sq. in., were employed. Examining 
the curves it is seen that at the end of a year, for each of the three 
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FIG. §8.—FLOW OF GROUP LOADED AT AGE OF TWO DAYS (1926 SERIES). 


stresses, the flow of the specimens stored in air is about three times as 
large as those stored under water and is 1% to 3 times as great as the 
corresponding elastic deformation. The rate of flow after one-year’s load- 
ing is small for the specimens in water but is still relatively rapid for 
the specimens in air. The stress of 900 Ib. per sq. in. sustained for a year 
produces flows of about % in. per 100 ft. for the group in air and less 
than ¥4 in. per 100 ft. for the group under water. At 1,200 lb. per sq. in. 
the corresponding flows are 1%4 and 4% in. per 100 ft. 

Comparing the curves of Figs. 9, 10 and 11 it will be found that the 
age at time of loading has a marked influence upon the magnitude of the 
flow taking place under a given compressive stress in a given interval of 
time. Thus after one year of sustained load in water at 600 lb. per sq. in. 
the flows in per cent are 0.057, 0.031 and 0.016 respectively for ages at 
the time of loading of seven days, 28 days, and three months. In Table 6 
are given, for each of the various groups of specimens, the flow after a 
year of sustained load, the elastic deformation at the instant of loading, 
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the sum of these two quantities, and the ratio of the flow to the elastic 
deformation. 

7. Effect of Time and Other Factors on Flow (1926 Series).—In order 
to indicate the effect of length of time of sustained load upon the stress- 
strain relation, the stress-strain curves of Figs. 12 to 17 have been pre- 
pared. In each of these figures the ordinates are unit compressive stresses 
and the abscissa are total unit deformations due to stress, including the 
elastic deformation at the instant of application of load and the flow 
subsequent thereto. Each figure gives values for specimens of a particular 
age at the time of loading and a given condition of storage. Thus, Fig. 12 
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FIG, 1]1.—F1LOWS OF GROUPS LOADED AT AGE OF THREE MONTHS (1926 SERIES). 


is for specimens loaded at the age of two days and stored in water there- 
after; and Fig. 17 is for specimens loaded at the age of three months and 
then stored in air. Each of the individual diagrams is a stress-strain 
curve for a particular instant of time. Thus, in Fig. 16, beginning with 
the one to the left, the curves show the stress-strain relation at the time 
the load was applied and after the respective intervals of seven days, one 
month, three months, and nine months of sustained load. 

In order the better to show in more concise form the effect of the 
several variables in this series upon the stress-strain relation, the secant 
moduli for several stresses have been calculated from values taken from 
the curves of Figs. 12 to 17. These values are recorded in Table 7. 
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Consulting this table it is seen that under the action of a sustained 
compressive stress, other things remaining equal, the secant modulus is 
greater for the specimens stored in water; and this is true regardless of 
the age at which the load is applied. Thus for the specimens loaded at 
the age of three months, the secant modulus, after a nine months’ period 
of sustained stress at. 900 lb. per sq. in., is 1,500,000 Ib. per sq. in. for 
water storage and only 920,000 lb. per sq. in. for air storage. 

Also it is clear that the value of the secant modulus for a given stress, 
age at time of loading, and conditions of storage, varies materially with 
the length of period of sustained stress. Thus, under a stress of 600 Ib. 
per sq. in. for those specimens which were loaded at the age of three 
months and stored in water, the secant modulus dropped in a nine-months’ 


TaBLE 6.—Fiow Arrer One Year (1926 SmRIgEs). 


Age at. | Unit Stress, | Days | Unit Flow, | Unif Elastic | Total Unit | Ratio of 
Group Time of 1 1b. per sq-in.| Loaded inches Deformation,| Deformation, 5 to 6 
Loading 2 inches inches 
ile 2 3 4 5 6 7 8 
2 days 200 357 0.00018 0.00032 0.00050 0.56 
into 300 364 0.00017 0.00018 0.00035 0.95 
ec mee 600 364 0.00057 0.00082 0.00139 0.65 
28:a5* 300 400 0.00011 0.00010 0.00021 1.10 
28 9" 600 400 0.00031 0.00044 0.00075 0.71 
28° ** 900 400 0.00052 0.00074 0.00126 0.70 
285° 300 396 0.00027 0.00009 0.00036 3.00 
28 es 600 396 0.00055 0.00028 0.00083 1.97 
28 900 396 0 00090 0.00062 0.00152 1.45 
3 mo. 600 390 0.00016 0.00021 0.00037 0.76 
3 e 900 390 0.00028 0.00033 0.00061 0.85 
3 1200 390 0.00037 0.00051 0.00088 0.72 
3 3 600 395 0.00046 0.00019 0.00065 2.42 
3 A 900 395 0.00068 0.00035 0.00103 1.95 
3 1200 395 0.00099 0.00050 0.00149 1.98 


period from 3,200,000 to 1,700,000 Ib. per sq. in., and the secant modulus 
of the corresponding specimens stored in air dropped from 3,200,000 to 
980,000 Ib. per sq. in. 

It is instructive to observe the effect of age at time of loading upon 
the secant modulus after a period of sustained load. The table shows 
that at a stress of 300 Ib. per sq. in., continued over a nine-months’ period, 
specimens stored in water having ages at time of loading of 7 days, 28 
days and 3 months possess the respective secant moduli of 870,000, 1,500,- 
000 and 2,000,000 Ib. per sq. in. The corresponding values for a stress 
of 600 lb. per sq. in. are 510,000, 1,100,000 and 1,700,000 lb. per sq. in. 

8. Summary and Conclusions—This paper gives the results of tests to 
determine the flow of concrete under sustained compressive stress. These 
tests have been carried on in the Materials Testing Laboratory of the 
University of California during the past two years and are still in progress. 
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The experimental work has consisted of measuring the changes in 
length of plain concrete cylinders subjected to a constant compressive 
stress, the load being sustained by means of car springs. (ips) 

The tests are divided into two parts: (1) the 1925 series, for which 
the specimens were divided into groups varying as to richness of mix (1: 4 


TaBLe 7.—Secant Mopvuui at Various Srresses (1926 Surims). 


; ' g g Air Storage Water Storage 
Age at Loading Period of Sustained Load tb, tress, | Secant Modulus, | Secant Modulus, 
-Persq.1.| Ib. per sq. in. | @ lb. per sq. in. 
ZOD Pret tees 590,000 
2005 ot |g eye he ares 440,000 
200M alt | vreee he ae 400,000 
B00 Ser |i) Re errstets 1,500,000 
300 1,100,000 
300 970,000 
800 870,000 
COOn SANA Ih: Satire 940,000 
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300 8,800,000 3,800,000 
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600 2,200,000 2,200,000 
600 1,400,000 1,500,000 
600 1,100,000 1,300,000 
600 860,000 1,200,000 
600 760,000 1,100,000 
900 1,500,000 1,500,000 
900 990,000 1,000,000 
900 800,000 950,000 
900 680,000 870,000 
900 610,000 820,000 
300 4,300,000 4,300,000 
300 2,100,000 2,700,000 
300 1,800,000 2,300,000 
300 1,400,000 2,100,000 
300 1,100,000 2,000,000 
(ete pets te ie oe eh te aes es 600 3,200,000 3,200,000 
600 1,900,000 2,500,000 
600 1,600,000 2,100,000 
600 1,300,000 1,900,000 
600 980,000 1,700,000 
900 2,600,000 2,600,000 
900 1,700,000 2,100,000 
900 1,400,000 1,900,000 
900 1,200,000 1,700,000 
900 920,000 1,500,000 


to 1:7) and gradation of aggregate (fineness modulus 3.52 to 6.60) but 
all loaded at the age of about seven months to a stress of 640 lb. per sq. 
in.; and (2) the 1926 series, for which all specimens were of the same 
character of concrete but conditions were varied as regards age at time of 
loading (2 days to 3 months) and intensity of sustained compressive stress 
(200 to 1,200 lb. per sq. in.). (See Tables 1 to 4 and Art. 3.) 
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For both series, part of the specimens were stored in air at 70 deg. F. 
and 70 per cent relative humidity. For the 1925 series, the remainder of 
the specimens were stored in water spray at 70 deg. F.; for the 1926 series, 
the remainder were stored under water at 70 deg. F. (Figs. 4 and 5.) 

The specimens of the 1925 series were under observation for five 
months after loading. Thereafter they were released from stress; and to 
each one load was gradually applied, the stress-strain relation and ulti- 
mate compressive strength being determined. (Table 5.) 

The specimens of the 1926 series have been under observation for a 
year since loading, and during this time the loads have not been released. 
(Table 6.) 

Observations upon control specimens, to which no load has been ap- 
plied, have, in general, furnished data by means of which volumetric 
changes in the loaded specimens due to causes other than stress could be 
separated from the flow proper. An exception is the 1925 series stored 
in water spray, for which there were no control specimens. 

For each specimen, the compressive deformation taking place immedi- 
ately upon application of the load, which is here called the elastic defor- 
mation, has been observed. Periodically thereafter changes in length from 
that observed immediately upon the application of the load are determined. 
The change from the length when load was first applied, corrected for 
deformations due to other causes than stress (determined by observing 
control specimens), is here termed the flow. It is the plastic deformation 
in the direction of stress which is produced by the sustained load. 

The following conclusions regarding the behavior of concrete under 
sustained compressive stress are based upon the observations made to date. 
Since the tests are still in progress and there is evidence that flow is in 
many cases still continuing, the quantitative values given below are, of 
course, not likely to represent the ultimate values. 

1. Other things being equal, the leaner the mix the greater the flow. 
Thus, after five months of sustained load in air, for concrete of fineness 
modulus 6.60 (Fig. 6a) the flow of the 1:7 mix, amounting to 0.02 per 
cent, is double that of the 1: 4 mix; and, for concretes of fineness modulus 
3.52 (Fig. 6b) the flow of the 1:7 mix, amounting to 0.05 per cent, is 
three times that of the 1: 4 mix. 

2. Other things remaining equal, the smaller the fineness modulus, 
the greater the flow. Thus for a 1:7 mix after five months of sustained 
load the flow of the group of fineness modulus 3.52 (Fig. 6b), amounting 
to 0.05 per cent, is double that of the group of fineness modulus 6.60 
(Fig. 6a). 

3. It appears that, for the same consistency of mix, variations in 
gradation of the aggregate, as measured by the fineness modulus, have a 
relatively greater effect upon the magnitude of the flow when the mix is 
lean than when it is rich. Thus for the 1:7 mixes the ratio of the flow 
of the DL2 group (Fig. 6b) to that of the DL1 groups (Fig. 6a), at 
the end of five months’ loading, is 2.0; while the corresponding ratio for 
the 1: 4 mixes is 1.3. 
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4. The flow of a given concrete stored in air is materially greater 
than that of the same quality of concrete when stored in a water spray, 
even though the conditions of curing are the same during the early life 
of the two concretes. Thus, for the 1925 series, all specimens were cured 
for the first two months under water, and thereafter those which were 
to be loaded in air were removed from the water. At the age of seven 
months the specimens were loaded. (See Table 2). The flow of the group 
of high fineness modulus and lean mix stored in air (DLI, Fig. 6a) is 
three times as great as for the corresponding concrete stored in water 
spray (WLI, Fig. 7a). 
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5. As between wet and dry concretes of the same character, in gen- 
eral, the flow appears to vary inversely as some function of the modulus 
of elasticity determined by dividing stress by elastic deformation, but the 
concrete of the higher ultimate compressive strength does not necessarily 
exhibit the lesser flow, nor does the concrete of the higher compressive 
strength necessarily possess the higher modulus of elasticity. Thus the 
concrete of 6.60 fineness modulus when stored in air at the age of a year 
has a strength of 4,540 lb. per sq. in. and a secant modulus (at 1,000 Ib. 
per sq. in.) of 4,090,000 Ib. per sq. in. The corresponding values for the 
concrete stored in water spray are 3,850 and 5,380,000 lb. per sq. in. 
(Table 5). The maximum flow for the concrete in air is 0.022 per cent and 
for the concrete in water spray is 0.007 (Figs. 6a and 7a). 
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6. Under the conditions of curing, loading, and storage to which the 
specimens of the 1925 series were subjected, the strength after the period 
of loading is lower for a given concrete stored in water spray than in air, 
but the modulus of elasticity (as determined by dividing stress by elastic 
deformation produced by a reapplication of load, is, in general, higher for 
the concrete stored in water spray (Table 5). 

7. Other conditions remaining the same, the higher the sustained 
stress, the more rapid the rate of flow, and the greater the flow after a 
given period of loading. Thus, in the 1926 series those specimens loaded 
at the age of seven days and stored under water at the end of a year 


~/200 
: BERRI ecen ER 

§ sod LC imerre oe 
accor kieran 
S 600 

* 600 

oy 

S 

Stead 

K 

Bore 


Opeciinriens Stored in Air 


fa Age at Loading :- 28 Days 


9 0002 0004 .0006 .0008 .00I0 .00/2 .00/A .0016 
Total Unit Deformation (in. per in.) 


FIG. 15. 


of sustained load of 600 lb. per sq. in. exhibited a flow of nearly 0.06 per 
cent, which is three times the flow produced by a stress of 300 lb. per sq. 
in. for the same period (Fig. 9). Again, those specimens loaded at the 
age of three months and stored in air under stresses of 600, 900, and 1,200 
Ib. per sq. in., sustained for one year, flow the respective amounts of 0.043, 
0.070, and 0.100 per cent (Fig. 11). 

8. Where specimens of concrete of a given character are cured in 
damp sand under identical conditions until loaded, those stored in air for 
a long period exhibit a materially greater flow than do those stored under 
water. The older the concrete at the time of loading, the greater the 
relative difference between flow accompanying air storage and that accom- 
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panying water storage. Thus those specimens loaded at the age of 28 
days, after one year in air under a stress of 900 Ib. per sq. in., flowed 0.09 
per cent while the corresponding specimens under water flowed but 0.05 
per cent (Fig. 10). The ratio of the former to the latter is 9/5; the cor- 
responding ratio for specimens loaded at the age of three months is 7/3 
(Fig. 11). 
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9. The older the concrete at the time of loading, conditions as regards 
manner of curing and magnitude and length of period of sustained load 
remaining constant, the less the flow. Thus, under a stress of 600 lb. per 
sq. in. sustained for a year under water, the flows taking place in the 
specimens loaded at 7 days, 28 days, and 3 months, are respectively 0.057, 
0.030, and 0.017 per cent (Figs. 9, 10, and Ie 

10. Under the action of loads sustained for one year, within the limits 
of the experiments as regards age at loading and range of compressive 
stresses, the ratio of the flow to the elastic deformation at the time of 
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applying the load, is greater than one for specimens in air storage but, 
= general, is less than one for specimens in water storage. Also, the 
indications are that the lower the stress, the larger the ratio of flow to 
elastic deformation (Table 6). 

11. Considering the magnitude of the flow as influenced by the length 
of the period from the time of application of load, it is found that, in 
general, the flow during the first seven days is greater than during the 
succeeding three months (Figs. 12 to 17). 
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12. Considering the secant moduli as being determined by dividing 
unit stresses by corresponding total deformations, including both elastic 
and plastic, it is found that the secant modulus increases materially with 
time. Thus, for those specimens stressed to 600 lb. per sq. in. at the 
age of 28 days and stored in water, the secant modulus decreased from 
2,200,000 Ib. per sq. in. at the time of loading to 1,100,000 1b. per sq. in. 
after nine months of sustained load (Table 7). 

13. Other things remaining equal, the secant modulus changes more 
rapidly when concrete is under sustained stress in air than when it is 
under water. Thus, for those specimens stressed to 600 Ib. per sq. in. at 
the age of three months the secant modulus decreases from 3,200,000 Ib. 
per sq. in. when the load was first applied to 980,000 lb. per sq. in. after 
nine months of storage in air; but for the corresponding specimens under 
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water the secant modulus only decreased from 3,200,000 lb. per sq. in. to 
1,700,000 Ib. per sq. in. (Table 7). 

14. The ratio of the secant modulus at a given stress at time of load- 
ing, to the secant modulus after a period of sustained load, appears not to 
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vary greatly, regardless of the magnitude of the sustained stress and 
regardless of the age at the time of loading. This is shown by the tabula- 
tion above, where for several ages at loading and stresses, are given values 
of the ratio just mentioned. By this table it is seen that on the average 
for seven days of sustained load, this ratio is 0.6 for specimens in air and 
0.7 for specimens in water; while for three months of sustained load the 
corresponding ratios are 0.3 and 0.5, 
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J. R. SHanx.—Professor Davis and his associates at the University of Mr. Shank. 
California have performed a work of much value, and the paper here pre- 
sented on the flow of concrete is a considerable departure into the field 
of investigations of quantitative values to be assigned to concrete, so that 
a designer may know what stresses he may have in his designs under 
varying conditions of time, materials and external agencies. Values for 
this property of concrete have been indicated in the past by such investi- 
gators as E. B. Smith, F. R. McMillan, W. K. Hatt, A. T. Goldbeck, S. C. 
Hollister and others. In some cases the indications were rather startling. 
In many cases it was shown that this property is of such a nature that it 
cannot safely be ignored. It is expected that a thorough knowledge of this 
may effect a considerable saving of material in many cases such as deflec- 
tion stresses in columns of small moment of inertia carrying long span 
beams of large moment of inertia, or stresses in elastic arch rings. 

The writer has been interested in this work for some time and has 
had occasion to look into some phases of it. The first attempt followed a 
suggestion by C. T. Morris, Professor of Structures at Ohio State Univer- 
sity, that an attempt be made to find out how much the flow might com- 
pensate for the stresses set up in arch rings as a result of temperature 
changes. It appeared that the first thing to consider was some form of 
apparatus whereby it would be certain that the load would be held con- 
stant. Fig. 1 shows a development of an apparatus following the suggestion 
by Professor Morris. The specimen occupying the compression side of a 
beam carrying a gravity load met this requirement very nicely. The load 
on the specimen may be varied for different tests by adding to the weight. 
either by loading the pocket or by adding extra weight, or by shifting the 
supports. The amount of load may be determined by inserting a cali- 
brated steel bar in place of the test specimens. This device is perfectly 
satisfactory excepting that each unit takes up floor space of such magni- 
tude that it amounts to quite a severe limitation on the quantity of work 
that can be carried on at any one time. 

It was apparent after making the first attempt that temperature and 
humidity would have considerable effect on the specimen. Accordingly on 
all subsequent work a record was kept of temperature and humidity and 
a specimen of the same batch as that of the test specimen was stored close 
by, and measurements were made on it simultaneously with those on the 
test specimen. Fig. 2 shows a record of temperature, humidity and 
measurements on the control specimen (Dry Idler) for the tests shown on 
Fig. 3. By means of this control specimen and a room at ordinary tem- 
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peratures and humidities, curves such as are shown on Fig. 3 are drawn 
through points that, when plotted, varied from the curves by little more 
than the expected error in reading the Berry strain gage, 

The first attempt was on an ordinary concrete. A pair of Specimens 
were made and one of them was loaded at 28 days, the other remaining idle. 
At the end of another 28 days the specimens were interchanged in order 
to get at the negative flow. Further interchanges took place every 28 days. 
There was no control specimen used so that the curves showed the effect 
of temperature and humidity changes, but they were comparable to each 
other. This series showed rather clearly that the age at loading was a 
factor of much importance. The curve for the 56-day specimen took on 
a shape similar, excepting in the first few days, te the 28-day specimen, 
the same ages of both being compared. The 56-day specimen curve showed 
less deformation than the 28-day specimen throughout the entire test and 
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FIG. 1.— ASSEMBLY OF APPARATUS. 


this difference was fairly constant. The later interchanges showed a 
stiffening of both tests, that is, there was less of both positive and negative 
flows at loading and unloading respectively. 

The results of this preliminary test were interesting enough to lead 
to the ambitious attempt to thoroughly investigate this field in all of its 
phases even though it should cover a long period of time. No attempt was 
made to lay out the whole field, as it was not felt that enough was known. 
It was thought rather to start work and let the field open out, hoping to 
learn more about it as the work went on. At this time it is not possible 
to make up anything but a progress report, and indications rather than 
conclusions will be observed. The work of Professor Davis has given the 
oceasion for adding observations made at Ohio State University to confirm 
his excellent work. Two phases have been studied so far: (1) the effect of 
age at loading; and (2) the effect of materials proportions. At present 
investigations are under Way on some of our common building stones of a 
material similar to the stone used in the concrete. Tests are started on a 
comparison of limestone aggregate and silica aggregate. The work is 
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being now carried on under the Hingineering Experiment Station which 
furnishes what funds are necessary for most of the materials and some 
of the labor. Acknowledgments are due to ©. L. Lockett and Orville Seeger, 
KE. L. Merkel and B. J. Merickel, E. P. Coady and H. M. Hughes and Wer- 
ner Jung and O, N. Essex, undergraduates who have assisted in this work; 
and to the Marble Cliff Quarries Co., Columbus Ohio; Columbia Silica Co., 
Akron, Ohio; Ohio Cut Stone Co., Cleveland, and the Indiana Limestone 
Co., Bedford, Indiana, for furnishing materials. Credit is also due Prof. 
C. T. Morris, who gave the original and many subsequent helpful sugges- 
tions, and to L. W. Jones, who worked up the graphs. 

Fig. 3 shows the results of this first series. The upper set of curves 
plotted from a common zero load origin with the elastic deformation de- 
ducted, and the lower set of curves from a common age but with the elastic 
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FIG, 2.—TEMPERATURES, HUMIDITIES AND UNLOADED SHRINKAGE. 


deformation included. The lower set of curves is quite graphical in its 
showing of the similarity of all curves after the first one or two weeks 
of loading. An attempt was started to obtain formulae for these curves 
and so far only one has been worked out: that shown for the seven-day 
test on the lower set of curves where x is millionths of an in. per in. and ¢ 
is days. This formula fits the curves very well at all points above the 
initial load deformation. The question came up as to the effect of the 
different ages of loading on the modulus of elasticity and the upper set of 
curves shows the loads removed at the same age for all specimens. The 
values for E varied from 3,050,000 to 3,360,000 English units with an aver- 
age of 3,260,000. Fig. 4 shows the initial moduli as well as some of the 
data concerning the specimens. 

Osear Faber, M. Inst. C. E. in Paper No. 4645, “Plastic Yield, Shrink- 
age, and Other Problems of Concrete, and Their Effect on Design,” now 
under consideration by the Institution of Civil Engineers, has made some 
investigations on flow and some calculations on the use of data now avail- 
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able as to its effect on the stresses in concrete structures. He has coined 
the term “factor of plasticity” which he defines as “the ratio of eventual 
strain to original strain” which he has designated as k. This idea is very 
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good, but it appears that American practice will have to assign some other 
letter to it, such as r, because k has its own well-established meaning here. 
He uses r as a coefficient to use with our term n the ratio of the moduli 


1) 


of elasticity. He would state 
[A + (nr — 1) As] 


for a column having been 
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loaded for some time. With Mr. Faber’s idea in mind, the work shown on 
the upper set of curves, Fig. 3, was replotted on Fig. 4, using days as 
abscissae and »— 1 or factor of plasticity minus one as ordinates with the 
idea of determining whether this might be constant for all ages of loading. 
It appears that it is not. Just why it is not and the laws that govern 
the variations are problems yet to be worked out by further tests. 

The following year, 1926-1927, an attempt was made. to look into the 
effect of proportions of materials on the flow. Figs. 5 and 6 show data 
concerning these tests in which it should be noted that two of them BII and 
CI are mortars. Fig. 5 shows the regular plot after corrections had been 
made for temperature and humidity by means of the control specimens. 
These specimens were loaded in proportion to their respective strengths 
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as shown by the 28-day compressive tests strengths; they were also pro- 
portional to those of the specimens of the year before. This was done bhe- 
cause it was expected that a designer using high strength concrete would 
give it high loads, as specifications are usually written for allowable unit 
stresses. Fig. 5 shows the effect of a number of factors, one of which is the 
different unit stresses. Fig. 6 illustrates these same curves with the effect 
of the difference in unit load eliminated on the assumption that the flow 
was proportional to stress. It may be noted that the curves for CI and FT, 
one of them a 1:3 mortar and the other a 1: 3:6 concrete, coincide 
throughout their lengths. As a basis of comparison the others are expressed 
in percentage of these two at 60 days. The tabulation of fine aggregate 
divided by cement by weight expressed in per cent of that for CI and FI 
shows curves for DI at 60 days falling in its proper place with BII and EIV 
curves running 38 per cent and 30 per cent high, respectively. Though 
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this deduction is somewhat complex, it appears that it might be worth 
while to investigate further whether or not the flow is a function of the 
mortar mixture. 

Fig. 5 shows a tryout of one of the A specimens, the one that served 
as the 28-day specimen as shown in Fig. 3. This second loading was made 
at an age of 461 days. It will be noticed that the flow still exists but is 
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very slow. There was no smooth curve coming off from the elastic deforma- 
tion, but instead a sharp angle indicating that there was no short time 
flow. This indicates that flow cannot be given much consideration as com- 
pensating for the temperature stresses in arch rings. 

Fig. 7 is the 1926-1927 series plotted as was Fig. 4 for the 1925-1926 
series. Here for vastly different mixtures and loads all placed at the same 
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age, the agreement is much better. The variations here shown do not 
exactly check the last statement of conclusion No. 10 of the report, if con- 
crete and mortars are considered together. 


It does, however, for concrete 
alone or mortars alone. 


! © morte As for the effect of age at loading, Fig. 4 of this 
discussion indicates an advance in the amount of flow to 28 days and then 
a recession to 2 months and a farther recession to 4 months. 
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FIG. 6.—EFFECT OF PROPORTION OF MATERIAL—-COMMON UNIT LOAD BASIS. 


Referring to conclusions Nos. 1 and 2 of the report, the discussor is 
not at variance with the report, but it appeared that if each specimen or 
set of specimens had been loaded in proportion to its compressive strengths, 
on the assumption that the flow is proportional to the load, curves for DL1, 
DR2 and DR1 would have been nearly the same curves. Multiply the com- 
pressive strengths of each of these by the percentage flow at, say, 60 days 
and you get 43,400 for D1, 42,860 for DR1 and 45,800 for DR2. DL2 
would give much more than the others, 71,300. Not considering DL2, it 
would appear that for a given load the flow is inversely proportional to the 
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strength. DL2 is so much at variance with the other three, that, unless 
some reason, such as density, could be found for its high flow, the observa- 
tion just stated would have to fall considerably in value. A low density 
would be equivalent to smaller cross section and therefore a higher unit 
stress. Fig. 5 of this discussion shows a fair agreement of the three con- 
cretes, but the mortars seem to be in a class by themselves. An investiga- 
tion into the density factor, that is, the sum of the absolute volumes of 
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Figs. 8, 9, 10 and 11 of the report show excellently the effect of age 
at loading. If a 600-lb. per sq. in. stress be considered, at 50 days for 7 
days’ loading we have 0.048 per cent flow, for 28-day loading, 0.037 per 
cent flow, and for 3 months’ loading 0.023 per cent flow. The upper curves 
of Fig. 3 of this discussion show 0.0675 per cent flow for 7 days’ loading, 
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0.051 per cent flow for 28 days, 0.037 per cent flow for 2 months and 
approximately 0.023 per cent flow for 4 months. If these latter were 
reduced by the ratio of the loads there would follow 0.0473 per cent flow, 
0.035 per cent flow, 0.027 per cent flow and 0.0175 per cent flow, respectively. 
The average of the last two would be about 0.022 per cent flow which 
might be considered as an approximate result for a 3 months’ loading. 
These results check remarkably well: 7 days 0.048 per cent vs. 0.047 per 
cent; 0.037 per cent vs. 0.035 per cent; and 0.023 per cent vs. 0.022 per 
cent. 

The discussor is much interested in looking into the question of 
whether the amount of flow at any given period after loading may not 
depend upon the proportion of the load to the strength when loaded. It 
would be interesting to look into this if the strengths at times of loadings 
are available for the concrete of the data shown on Figs. 8, 9, 10 and 11. 
The similar comparison made on the data of the upper curves of Fig. 3 
of this discussion showed that where the load over strength increased the 
flow increased and where the ratio decreased the flow decreased but the 
proportions were not nearly exact. lt is expected that varying conditions 
of humidity would have considerable effect. 

Fig. 5 and the upper curves of Fig. 3 of this discussion show that in 
all cases the flow in the three months following the first 7 days was con- 
siderably greater than that of the first 7 days which is not in accord with 
the conclusion in No. 11 of the report. This greater flow after the first 
7 days may possibly be due to the fact that the atmosphere at Ohio State 
University was corsiderably dryer than that of a relative humidity of 70 
per cent. It is entirely probable that the amount and duration of the 
flow is greatly affected by the humidity of the atmosphere. 

It appears that the most definite and best established conclusion of this 
report is that of No. 4 that the moisture content in a concrete is of prime 
importance when considering the flow. Another of much value is that the 
older a concrete is when it is loaded the less the flow. The effect of 
properties of the concrete itself and the amount of the load seem to be of 
so complex a nature that only with many very carefully controlled speci- 
mens can it be hoped to establish any definite rules and quantitive 
expressions. 


Concrete Roorina Tine PROBLEMS. 
By Lesiie H. ALLEN.” 


The use of concrete roofing tile is steadily growing, particularly in 
Chicago, New York, Los Angeles, Pittsburgh and Detroit, where plants 
equipped with automatic power machines are turning out by quantity pro- 
duction methods a tile of high quality, maximum density, strength and 
imperviousness, fully equal and in some respects superior to the competing 
clay product. There is as much difference today between the modern 
steam-cured roofing tile made on automatic machines and the hand-made 
product as there is between the present-day concrete block of A. CG. I. 
standard and the old hand-made back-yard variety. 

Certain problems, however, still beset the roofing tile manufacturer 
and engage his earnest thought and study. The most pressing of these is 
color. In the early days much cheap red mortar color was used with dis- 
astrous results. The cheaper red oxides often contain upward of 50 per 
cent of impurities and some of these, being soluble, leach out on the surface 
of the tile; others oxidize on exposure and leave black stains. The early 
methods of applying color were not effective and much of the hand-made 
tile produced eight or ten years ago has now almost entirely lost its color 
and remains a dull cement gray, slightly stained with red. 

To produce red colored tile, it is now the general practice to use either 
a precipitated ferric oxide (, P., containing at least 95 per cent Fe,O,, or a 
roasted haematite ore found in deposits of exceptional purity in Spain, 
which analyzes about 85 per cent Fe,0,. The latter color is a darker, 
duller shade than the chemically produced red, but it is satisfactory to 
those who prefer a dull red roof, as many do, and is very much cheaper. 

The architect or builder expects a much deeper, richer color in roof 
tile than he does in trim stone or stucco. It must have at least as rich 
a color as its clay competitor, and to attain this result, proper methods 
of surface coloring must be used. It is not possible to mix sufficient color 
in the body of the tile to produce the required shade without seriously 
reducing the strength of the concrete, and moreover, the expense of doing 
so would be prohibitive. 

The old method of coloring by hand consists of mixing dry cement and 
color together, dusting it over the face of the newly formed tile while wet, 
and rubbing it in with a steel trowel. It is usual to grind the cement and 
color together in a small ball-mill in order to insure thorough mixing. 
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(There is no other advantage gained by this grinding, as the colors now on 
the market are already ground to two or three times the fineness of port- 
land cement, but the regrinding seems to be the most effective way of 
obtaining a thorough mixture of cement and dry color.) 

The result, however, is not satisfactory, as the cement is not properly 
hydrated and is not properly bonded with the base; the only water that 
it receives is absorbed from the base, and this, being a dry tamped product, 
has not sufficient water for thorough hydration and has none to spare for 
hydrating the additional cement in the top surface. As a result, the sur- 
face dries off before it is properly hardened and the excessive troweling 
needed to bond the colored surface to the base brings laitance to the surface. 
In the course of two or three years the surface begins to dust off and in 
7 or 8 years is nearly all gone. 

The newer method consists in thoroughly mixing cement and color and 
fine sand with an excess of water in a specially designed batch mixer. Mix- 
ing is continued for at least ten minutes and the liquid mixture is spread 
on the face of the newly formed tile as it passes through the automatic 
machine. The excess moisture is immediately absorbed by the tamped 
concrete in the body of the tile so that the top surface is bonded, both by 
suction and by cohesion to the base and has a correct cement water ratio. 
This method gives an impervious surface of extreme hardness and density 
which has stood the test of several years of exposure without any of the 
dusting or crazing found in the dry colored hand-made product. 

The manufacturer of hand-made tile has been forced in self-defense 
to put a little color into the body of the tile so that when the top surface 
had dusted away there was still a red tint left in the body, although this 
was nothing like so rich in tone as the face. With the new method this is 
no longer necessary. 

In the selection of color pigments it is not only important that they be 
pure, but also that they should not contain elements that react with the 
alkalis in the cement and change the color. Many colors on the market 
are not proof against alkali reactions; and some, such as those containing 
lead or cadmium combine with the alkalis in the concrete to form salts 
which will not combine with the cement but are deposited in the form of 
a fine powder on the surface of the tile, and can be brushed off with the 
finger. 

For red and yellow colors, various grades of ferric oxides are satis- 
factory. For green, the only satisfactory color is chromium oxide Cr,03. 
The cheaper greens, sold as chrome green, are mixtures of Prussian blue 
(potassium ferro cyanide) and chrome yellow (lead chromate). The 
reaction of this color with cement destroys the blue, leaving a bright 
yellow color only. 

Brown colors are compounds of ferric oxide and manganese dioxide and 
other inert constituents. I have not found a brown that was entirely satis- 
factory, as manganese dioxide immediately oxidizes, giving the finished 
tile a much darker tint than the original pigment; however, on exposure 
to the weather this tint slowly changes color, probably due to the dis- 
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appearance of the manganese dioxide after oxidization, leaving a perma- 
nent brown color in the tile that is much lighter in tint than the original 
pigment. As brown is mostly used in color blends, this change in color is 
not usually noticed and the final color is a very pleasing one. But as it is 
not possible to foretell the exact final shade of the product, it is not wise 
to sell roofs of uniform brown color unless the purchaser is forewarned 
that the final color of the roof will be much lighter in tint than the tile 
shipped to the job. ; 
Ultramarine blue gives good results in making blue tile. White tile 
are colored with white cement and white silica sand. It is not possible to 
produce a jet black tile, but a tile that approximates black in color can be 
produced with black ferrous oxide Fe,0,, and dark shades of other colors are 
made by mixing various percentages of black oxide with the red, green and 
other colors mentioned above. Several variations of green color can be 


made by mixing small amounts of blue, brown, yellow oxide with the | 


green. _ 

The use of lamp black and other carbon blacks is not advisable in 
coloring concrete roofing tile or any other concrete products. The lamp 
black does not combine with the cement; most of it seems to float to the 
surface and is there deposited and dusts off in a very short time. It is 
hard to keep lamp black from getting lumpy, and small pellets of black will 
spot and disfigure the surface of the concrete. 

Efflorescence is a serious problem in the roofing tile plant, as a small 
amount of efflorescence is far more conspicuous against the intense colors 
of the tile than it is in trimstone or stucco of less vivid hues. Efflorescence 


is due to the presence of soluble alkalis in the concrete. These are drawn. 


to the surface by evaporation after the tile has become wet and are depos- 
ited on the surface and eventually washed off by rain. The amount of 
alkali in the thin section of the tile is never very large and even under 
the worst conditions it disappears in two years at the most, and in most 
cases three months’ exposure to the weather is sufficient to remove it. 
Efflorescence can be largely controlled by extreme care in curing. It is 
important that the newly formed tile should not be subjected to sudden 
changes in temperature and should not be allowed to dry out before they 
are thoroughly hardened. 

It is not practical to steam cure tile while they are still on the pallets, 
but the tile should be kept at a temperature of about 60 deg. for the first 
24 hr. at which time they are hard enough to be removed from the pallets 
and stacked on edge. They should then be placed in a steam curing room 
and cured in warm, moist air. The temperature should be slowly raised 
to 90 deg. and the tile should be kept in this room for at least 12 hours. 
When the steam curing period is over, the curing room should be allowed 
to slowly cool down to outside temperatures before the tile are moved. 
They should not be brought suddenly into the open air. 

It is probable that this method of treatment prevents any evaporation 
from the surface until the surface has hardened, and small capillaries are 
not formed by evaporation from the top surface as they would be if the 
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tile were suddenly dried. This reduces the possibility of evaporation 
through the top surface and results in most of the efflorescence being found 
on the back of the tile where it does not show. 

Efflorescence can be checked not only by care in curing, but also hy 
the selection of clean materials and by care in making the top surface of 
the tile denser than the base. This cannot be done by hand methods. 
Experience has shown that some brands of cement cause more efflorescence 
than others and in some districts the sand and water also contain soluble 
material which will add to the efflorescence. In one plant which I visited, 
unwashed sea sand had been used with disastrous results. 

As in other concrete products the strength of the tile is affected by 
the quality and grade of the sand. It is very difficult to obtain good sand 
suitable for roofing tile manufacture. An ideal sand should contain about 
10 per cent of grits passing % in. mesh and be uniformly graded down 
from that to the finest sand, with a slight excess of fine. 

The steel or cast iron pallets on which tile are made have to be oiled 
in order to prevent concrete from sticking to the pallets. Many manu- 
facturers have used crude oil for this purpose, but as the concrete absorbs 
‘some of the oil, this practice is not a satisfactory one. The sulphur com- 
pounds in the oil are drawn to the surface and there oxidize, causing black 
stains which greatly disfigure the surface of the tile. The only lubricant 
that we have found satisfactory is a mixture of animal tallow and kero-- 
sene, which gives very good results. 

Most roofing tile have a thickness of about % in. and as they are 
made without reinforcement it is very important that they should be of 
maximum hardness before shipment, as otherwise they are subject to con- 
siderable breakage. It is our practice to keep tile in storage for at least 
30 days after steam curing in warm weather, and for 60 days or more in 
colder weather. 

In shipping by truck or freight, the tile must be stacked on edge in 
the truck or car and plasterer’s lath placed between each row to prevent 
jarring on the journey. They are stacked on the ground in the same 
manner. 

The application of concrete tile is very similar to the application of 
clay tile, but the roofer has one additional problem to face in the cutting 
of hips and valleys. Several methods of cutting have been tried, the most 
satisfactory being the use of the standard slater’s hammer and stake. An 
experienced mechanic can cut tile to straight lines more quickly and easily 
with this than with pincers or cutting machine. 

The common method of placing concrete tile is to lay them on wood 
strips, the tile having lugs that hook over these strips. The tile interlock 
and are thus held securely without the use of nails. The additional cost 
of wood strips is more than offset by the saving in labor and the saving 
in cost of copper nails, so that the total cost of laying is somewhat less 
than the cost of laying a nailed tile. Some concrete tile manufacturers, 
however, are putting nail holes in their tile, being apparently forced to do 
so by the adverse sales talk of vendors of competing materials. In so doing 
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they are discarding the big advantage of the interlocking method of laying. 
I have never found that if the interlocking method of laying were properly 
presented by a salesman that it proved any hindrance to the sale of the 
tile. 

The steady growth of the business, coupled with the increasing demand 
for permanent roofs, encourage us to believe that eventually this product 
will dominate the roofing field. 


Discussion.—CoNCRETE ROOFING TILE PROBLEMS. 


MAXIMILIAN Tocu.—This paper is exceptionally opportune. It would Mr. Toch 
appear that Mr. Allen knows what he is talking about and any assistance 
any member ofthis Institute can render should be frankly done. The 
problems that Mr. Allen mentions which still beset the roofing tile manu- 
facturer appear to be that of color more than anything else. 

At the Chicago meeting, February 24-27, 1925, I presented a paper 
called “Shall Anything Be Added to Portland Cement,” in which a fairly 
complete analysis was given of the tensile strength produced by various 
pigments, and in which was shown that the red shades, which contain 
calcium sulphate or gypsum, reduce the tensile strength to such an extent 
that a tile cannot possibly last when made of a material of that type. 

Furthermore, many of the adulterants in ordinary pigments are water 
soluble, and calcium sulphate is no exception. Efflorescence, excrescence 
and in some instances laitance is caused by the exudation of a soluble 
portion of a color, and I heartily agree with Mr. Allen when he says that 
an 85 per cent ferric oxide or 95 per cent precipitated ferric oxide are the 
proper materials to use, provided the balance in any case is silica or in- 
soluble silicates. 

In order to obtain deeper and richer color effects, like Burgundy reds 
and maroons, which are very much in vogue, some of the organic lakes can 
be added and they will produce very beautiful effects, but the price of the 
pigments mitigates against their wholesale use. 

It is notorious that the ultramarine and cobalt blues when they are 
free from alum and free from calcium sulphate, increase the tensile 
strength of concrete tremendously. Looking over the work of our labora- 
tory, I note that when nothing was added to the cement, an average tensile 
strength is produced of 435; the pure blues produce a tensile strength of 
635. When these blues are mixed with some of the red oxides, very beau- 
tiful purple and maroon shades can be made. 

Chrome Greens, which are made of prussian blue and chrome yellow, 
should not be used for two reasons. The first is that any alkalinity will 
destroy the prussian blue and turn it brown, and any lead chromate mixed 
with cement weakens the cement very materially. Therefore, there are only 
two greens that are available. One is the chromium oxide, opaque; and the 
other chromium hydroxide, which is transparent. The latter is, however, 
too expensive for ordinary cement purposes. 

Other permanent greens can be made by mixing cobalt blue and cad- 
mium yellow or cobalt blue and yellow oxide of iron. These are muddy, 
but sometimes these muddy shades are desirable. 
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The only reliable yellows to use for cement purposes are the hydrated 
oxides of iron and the cadmium yellows. Cadmium yellows as a rule are 
very strong, produce brilliant lasting shades, but they are expensive. 

Browns are permanent and not difficult to make, as there are some 
beautiful browns which are made artificially from hydrated oxide of iron 
that approach maroon in color. Other browns can be made by mixing car- 
bonaceous blacks with red or by mixing carbonaceous blacks with the 
hydrated oxide brown. 

It is possible to produce a jet black tile by using a pigment which is 
composed of the black ferrous oxide precipitated on carbon black. 

The colors which weaken portland cement and which should not be 
used are zinc chromate, carbonate of copper green, calcium sulphate reds, 
known commercially as Venetian Red, chrome yellows, light medium and 
orange, and some of the organic lakes. The latter, however, as a general 
Tule are expensive and would naturally be omitted: 

For brilliant colors, such as jade green, fire red, ox-blood red, mandarin 
orange and fancy colors of that type, it is quite possible to utilize these 
with excellent effect in the manufacture of tile, provided the purchaser 
is willing to pay the price. 

As regards the top dusting and the efflorescence which is so likely to 
occur in tiles, this is very largely overcome by coating the tile after it is 
ready for market with an acid resin varnish of the China wood oil type. 
A. thin solution of this material changes the refractive index of the tile 
so that it makes the color much more brilliant. Furthermore, it prevents 
efflorescence to a very marked degree. At the same time a tile so coated 
becomes 1ain-proof and does not absorb very much water. 


VIEWPOINT OF ARCHITECT AND ENGINEER REGARDING CONCRETE 
PRODUCTS. 


By GerorGe J. Eyrick, Jr.* 


Your program committee has requested that the writer present to 
you a paper on a large subject in a very short time. In the first place, 
let us roughly classify concrete products into two general classes, (1) 
concrete stone as used for facing buildings and in general copying of 
natural stones, and (2) concrete tile, blocks, bricks, and similar units, 
commonly known as concrete masonry units. Such items as concrete pipe, 
piles, sheeting and the like, we will not discuss or consider, as they are 
primarily engineering units. The methods of manufacture will not be 
discussed at any time in this paper, as the men making these commodities 
know and have their own ideas on this subject, and I feel that this should 
be left for men in the business to talk over. 

The reason for making this division is, that the average architect 
assumes that all concrete products are made in the same way, and that 
after seeing a wall of concrete block, he imagines that all concrete products 
will look the same. This is not as far fetched as it may seem, for not 
three months ago a well-known architect on residential work in Detroit 
asked me if I thought “artificial stone” was satisfactory for exterior work, 
and when I showed him samples of stone made by a nationally known 
manufacturer, he was very much surprised and said: “I didn’t know it 
could be made as well as that.” 

Throughout this paper I will use the word architect as meaning both 
architect and engineer, because for the purpose of this paper both are 
interested in concrete products from practically the same viewpoint. 

In spite of the fact that the architect does not favor substitutes, it 
is well for him and all others in the building industries to remember that 
this is an age of analysis and synthesis. All natural substances are being 
broken up into constituent elements, followed by the reproduction of the 
original substance in the laboratories by a synthetic process. In these 
processes we may, by changing the proportions or by adding new elements, 
obtain in the synthetic product new qualities or augment such qualities 
as we may wish to accentuate for specific reasons. 

The production of concrete stone, frequently called artificial stone, 
cast stone, cast cement or cement stone, is closely allied with the syn- 
thetic process. Throughout this paper we will use the term concrete stone, 
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for we use natural stone for the production of cement, and to emphasize 
this point I will quote Prof. George F. Swain’s “Fundamental Properties 
of Materials,” page 157: 

“It (portland cement) is defined as the product obtained by finely pul- 
verizing the clinker produced by burning to incipient fusion an intimate 
and properly proportioned artificial mixture of argillaceous and calcareous 
materials, with no additions subsequent to calcination excepting water and 
caleined or uncalcined gypsum. Clinker is the material as it comes in lumps 
from the furnace. The main difference between natural and portland cement 
is that the former is obtained by burning a natural rock and the latter by 
burning an artificial mixture. The calcareous materials used may be pure 
limestone, chaik, or marl, or hydrated lime. The argillaceous materials may 
be clay, slate or shale, impure limestones containing clay, or blast-furnace 
slag. Knowing the chemical composition of the raw materials, they may 
be mixed in proper proportion to produce the silicates or aluminates required 
in the cement, leaving little or no free lime or free clay.” 


Anyone can easily recognize the products which are thus broken 
down for the manufacture of the cement. For an addition to this cement, 
to make our concrete stone, we add crushed stone of any sort,—gravel, 
crushed shells, sand, slag, in fact any of an almost limitless variety of 
aggregates or materials,—then by adding water we have a plastic mass 
which can be cast or worked into any shape or form. When the mixture 
hardens, the result is a hard stone, the color and form of which might 
have been varied at will and which may be as hard or harder than the 
natural stone whose place it is to take. The surface of this product may 
be treated or tooled the same as the natural stone. The biggest trouble is 
this,—the architect does not always realize that it is a synthetic product 
and not an imitation. It is the duty of the concrete stone makers to con- 
vince and show the architect that this is the case. 

There are in every community, regardless of size, many examples of 
conerete stone which are a disgrace to the community as a whole. The 
writer can name many in Detroit, and examples of this kind are always 
referred to by the architect when he is approached by a representative of 
a concrete stone maker. This is one of his greatest objections. Much 
excellent work has been done with concrete stone, for example, buildings 
at U. S. Military Academy, West Point, N. Y.; Cram, Goodhue & Fergu- 
son, architects; buildings at Boston College, Boston, Mass.; Maginnis & 
Walsh, architects; and the Players Building, Detroit, Smith, Hinchman & 
Grylls, architects. 

For other than trim stone, the office building recently erected for the 
Portland Cement Association in Chicago, where the complete facings were 
of concrete stone, is a very fine example. Forget the word “imitation” in 
connection with your product and show what your product is and what it 
can do, and sell it as a synthetic product of definitely known qualities, 
capable of definite results, both physically and artistically. 

There is still another angle to this subject and one which troubles 
the architect not a little. It is, “how shall I specify concrete stone and 
be reasonably certain that I will get the effect I demand in my project?” 
The architect has many subjects with which he must be familiar and can- 
not take the time to study methods of manufacture, technique of design 
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and finish of a new or comparatively new product. Why do not the con- 
crete stone manufacturers get together and agree upon a standard specifi- 
cation and a set of details as has been done by the National Terra Cotta 
Society, the National Association of Marble Dealers, the National Building 
Granite Quarries Association, Inc., the National Terrazzo and Mosaic Con- 
tractors’ Association, and many other similar organizations? The writer 
realizes that various manufacturers have different methods and processes 
for doing their work, but for the sake of the industry, why not get 
together so that the architect knows where he is and what he can expect ? 
If he desires a limestone effect, let him be sure that he will get it, and 
that after he gets it in his building, it will stay limestone and not be a 
piece of cement finish, full of cracks, crazing, checks, discolorations, spauled 
surfaces and what not. Just so long as you are unable to give the archi- 
tect, the engineer and the contractor such assurance and service, just so 
long you are going to have difficulty in getting your product into the better 
offices, and so into general use. It is well to remember that the little 
fellow copies the big fellow and if the big fellow uses your product the 
little fellow is sure to follow. 

It is the writer’s belief that the logical way to handle this specification 
would be for a disinterested organization to sponsor the work, say the 
American Concrete Institute, which would appoint a committee of pro- 
ducers and non-producers. The producers would naturally be the concrete 
stone manufacturer and others associated in the production of the stone, 
while the non-producers would be architects, engineers, or anyone else 
who might be interested in the design, manufacture (indirectly, however), 
and use of this product. The services of stone contractors and general 
contractors might be used to advantage among the non-producers. The 
American Society for Testing Materials has used this method for years 
in writing standard specifications, with remarkable results as you all know. 
But the writer believes that the committee, if one is appointed, should be 
sponsored by a disinterested national organization rather than a trade 
organization, since architects and engineers will have more faith in a 
publication issued by the American Concrete Institute, the American So- 
ciety for Testing Materials, the U. S. Bureau of Standards or similar 
unbiased organizations. 

There is another objection that the architect finds with the average 
concrete stone manufacturer, and that is lack of co-operation. We recently 
had a job where we wanted to use a buff sandstone. As it was winter and 
the quarries were closed, we went to a cast stone manufacturer who said 
he could make it; but the results were awful. Apparently no attempt was 
made to show the natural veining of the stone, and the finish was like a 
cement sidewalk. The manufacturer frankly stated, when the samples sub- 
mitted were criticised, that no one could make what we wanted. Possibly 
this was his limit, but another manufacturer worked with us and developed 
a color, veining and texture that was satisfactory. From this one incident, 
I am convinced that if the makers of concrete stone will exert themselves a 
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little they can develop a product that can be used to advantage in many 
places. But it means work, study and co-operation on their part and the 
development of an educational campaign with the architect. 

Still another objection which the architect has to concrete stone is the 
cost. For example, on a recent project in Detroit calling for approxi- 
mately 100,000 cu. ft. of stone, an alternate price was asked for concrete 
stone facings in place of “select buff” limestone, with a “smooth finish free 
from tool marks,” to use the limestone producers’ description of their finish. 
Prices were to be based upon the stone erected in place in the building. 
The average price submitted for cast stone was $3.18 per cu. ft., while lime- 
stone was quoted at $2.60 per cu. ft., a difference of $0.58 per cu. ft, or a 
matter of some $58,000 for the entire job, which you will all grant is too 
much. If the prices had heen reversed, the concrete stone proposition 
would have been thoroughly investigated and it would undoubtedly been 
very favorable to the concrete stone in view of some of the stone jobs that 
have been built in the last few years. 

To sum up the situation, the architect and engineer are both ignorant 
of what can be done with concrete stone. Much excellent work has been 
done in this field, and many monumental buildings have been erected. 
Why cannot the concrete stone men get together and if need be form an 
association as other lines of business have done, develop a set of specifica- 
tions, a set of standards, and a code of standard practice so that the 
architect may know, that if the manufacturer with whom he is dealing 
or with whom he may wish to transact business is a member of this organi- 
zation, his product is guaranteed. The association could also act or estab- 
lish a research bureau, and this would be a place for the exchange of new 
ideas. ; 

All this is in addition to the specification committee previously men- 
tioned. It is well to remember in this connection, architecture and engi- 
neering is dependent on the exchange of ideas and a correlating of the 
theoretical and practical. 

Now let us consider the so-called masonry units, namely, concrete 
block, tile and brick. In the first place, we should consider the weight of 
concrete units for the backing of wall facings, for fireproofing structural 
steel and for use as curtain walls and dividing partitions. It is easily 
understood that every additional pound used in the construction of walls, 
partitions, fireproofing, etc., of a building means an increase in the size 
of the steel members and therefore increasing the size of foundations. 
One way that this objection can be overcome is by using lighter agere- 
gates without sacrificing strength. One method, that of using washed 
cinders, is nationally known. 

In the second place, the appearance of the average block is very much 
against it. Let us quote from Hool & Johnson “Handbook of Building 
Construction,” page 988: 

“The so-called rock-face block has done much to injure the standing of 
the material (concrete block) generally, another outcome of the desire to 


imitate. Plain rough blocks, made with aggregate as coarse as the limita- 
tions of manufacturing operations will permit, make a handsome wall.” 
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Third, some better method should be developed for handling concrete 
units of all kinds. Usually the units are dumped from a truck or stacked 
in such a manner that the edges are spauled, chipped and broken, When 
tile damaged in this way is laid up in the wall it is unsightly, unless very 
carefully filled with mortar, and is certain to permit moisture to enter. 

There is little need to say anything about a standard specification for 
block, as we have the specification of Committee P-1, of the American 
Concrete Institute, which can readily be amended as the conditions demand. 
But a fourth thing that the writer believes is essential is impressing upon 
all makers that their blocks should be branded for ready identification 
so that a contractor can be sure of the product he is using, particularly as 
many product manufacturers sell their output through building supply 
dealers. Supply dealers have been known to play one maker against an- 
other and then indiscriminately mix the blocks of two makers in the same 
load. 

The architect, the engineer or the contractor, in applying specialized 
knowledge to specific problems, is often confronted by the necessity for im- 
mediate and accurate information regarding the new and less academically 
familiar forms of building material. Therefore the concrete product manu- 
facturers should put before these men the new uses and all the facts regard- 
ing the nature, possibilities and correct uses of their products. 

To summarize, there is good and bad concrete stone, with the bad 
predominating, which means that the stone manufacturers must get 
together and establish standards of material and workmanship, if need be 
forming a trade association to enforce the standards when once established. 
Good work can be turned out, as many excellent jobs prove. The concrete 
masonry units industry has been fairly well organized and is producing a 
very uniform product, but more study needs to be given to reducing the 
weight of the products to bring them into more general use. All manufac- 
turers should work in closer harmony with the architects, engineers, con- 
tractors and with each other. 


SPECIFICATIONS FOR CONCRETE STONE. 


By C. VAN DE BoGart.* 


The Economy Concrete Company joined the American Concrete Insti- 
tute for two reasons: First, to gain current knowledge of making concrete 
in other ways than of the concrete stone industry because we realize that 
the fundamentals of good concrete are the same no matter where or how 
made, placed or used, and that these fundamentals are important in mak- 
ing our cast stone. Second, to establish better acquaintance and under- 
standing with other manufacturers of concrete stone through convention 
contacts and other means possible in this organization. Back of these 
objects was the conviction that the concrete stone manufacturers who last 
year marketed products whose estimated value was more than $50,000,000, 
should have an association all their own. This is with no thought to 
duplicate the excellent work of this Institute from which the stone manu- 
facturers must benefit, but to accomplish other things in the adjustment 
of relations in the concrete stone industry and the raising of the standards 
of that industry in ways which are properly the work of a trade associa- 
tion and not of a technical society. 

First of all, it seems, among the needs of the concrete stone industry 
is a standard specification—a statement of the nature and characteristics 
of the product we are making. Such a specification should come from the 
American Concrete Institute through the work of a committee on which 
both producers and users—manufacturers, engineers, and architects—are 
represented. 

Because the stone manufacturers have, in general, only begun to have 
a new group consciousness, a fecling that they must work together, there 
is a little apprehension that they will find it hard to settle upon a speci- 
fication which can be generally accepted but perhaps they can make some 
progress among themselves which will make for proper committee’ pro- 
cedure, if they thresh out in discussion among themselves some of the 
preliminary steps. That is why, it seems, an association of stone manu- 
facturers is right now important. 

No Institute committee should undertake the specification problem 
unless there is some hope of general agreement. My purpose here is merely 
to outline the need, doubtless what ig already in many of your minds. If 
now, out of a discussion we may get no further than to agree to attempt 
an agreement it will be gratifying progress. It must first be decided that 
we do, or do not want more unity and group cohesion among manufac- 
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turers of concrete stone, and a dependable minimum standard of quality. 
If we do seriously want these things and recognize their importance, we 
may all be in better humor to compromise our minor differences for the 
sake of our agreement in the major object. 

As a matter of a trade association does not properly come before this 
Institute, I will now confine myself to the subject of specifications, although 
eventually I believe a manufacturers’ association could help not only in 
perfecting them but in maintaining them after they have been adopted. 
Some manufacturers perhaps view this subject as a personal matter. They 
may feel that conditions properly vary with locality. However natural 
this conclusion may seem, it is becoming increasingly apparent that the 
specification subject is distinctly a group problem and that it must be 
solved in order to meet the request of architects, and others, for specifica- 
tion data from the American Concrete Institute. 

t should not be difficult to convince any concrete stone manufacturer, 
regardless of the nature of his particular product, that the fundamentals 
of his good concrete are identical not only with the fundamentals of every 
other manufacturer of concrete stone, but with the fundamentals of good 
concrete however made or placed. It is this which establishes our position 
in this Institute and makes our interests in those fundamentals identical 
with the interests of all other members, and it also establishes our own 
special community of interest as manufacturers of concrete stone. 

Whatever special operations we may have in proportioning, mixing, 
conveying, placing, curing or surface treatment, no matter how these vary 
in detail of conditions, we are all producing something which is subject to 
like laws of expansion, contraction, to crazing, to the use of color and 
other admixtures and involving the same rules of physics and of chemistry 
and subject to the same destructive influences. Obviously, we have a com- 
mon ground of interest. 

It is a well-established fact that a specification in the construction 
field (or perhaps anywhere else) should be, to do what is expected of it, 
the joint effort of manufacturer and user. 

Otherwise, it doesn’t mean anything to architects and engineers who 
may be expected to specify the material. It must, to command the respect 
of building authorities, come from an organization which gets its scientific 
standing from the fact that the maker and the user sit down together. 
When it comes to a recommended practice as distinguished from a specifica- 
tion, the manufacturer has much more to say. The former says how it 
shall be made and the latter says how it shall perform and what its char- 
acteristics shall be. 

The demand for standard specifications most assuredly exists and in 
searching for particular reasons for their existence several can readily 
be discovered. It seems therefore particularly fitting to me that we should 
avail ourselves of the opportunity existing through our connection with 
this Institute in whose membership we have so many specialists, at least 
to lay a foundation for a specification which will not only improve our 
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product but promote a reasonable degree of confidence that our product 
will be well handled and placed after passing from our own hands to that 
of the builders who will use it. 

A specification for concrete stone must necessarily be divided under 
two headings: First, the characteristics of the stone itself; second, the 
result after setting and pointing. 

Much faulty practice exists today in manufacturing concrete stone. 
While a specification will not directly correct poor manufacturing practice 
it will do so indirectly by creating a standard of quality which must 
eliminate poor practice. A poor product anywhere lowers the public 
esteem for the whole class of products to which it belongs. 

A makes good stone. B makes inferior stone. B trades on the repu- 
tation of A, and A loses by the bad reputation of B. That is what it 
means to have an industry without a standard. 

Many of us are familiar with the distribution of propaganda by inter- 
ests with which we are in competition, and their scrutiny has extended 
completely across and up and down the country. They have rewarded 
themselves and wrought much damage to the cause of concrete stone 
through their efforts. 

They have found many instances where the composition of concrete 
stone has been of the most inferior of aggregates with no thought of pro- 
ducing a pleasing color, and a surface finish comparable to the trowelled 
surface of a sidewalk. Shall such material establish the public’s rating of 
the fine product others are making? 

Buildings are found trimmed with stone showing a lamentable lack of 
reinforcement, with many pieces showing large cracks and superimposed 
loads grinding away daily at their task of breaking down the stone work. 

Other work clearly shows that improper delivery and storage methods 
at the job sites, together with general careless handling and shipping of 
material, sometimes cast only a day previous, also exert an injurious effect 
on the final appearance of the material and in all cases leave glaring and 
unsightly patches and repairs to further unfavorably influence the use of 
this product in which we are all so much interested. 

These things and other items such as intelligent and carefully prepared 
setting plans; co-operation on structural details with the builder and 
architect; facilities for testing, and the careful planning of the delivery 
procedure, unless ably handled by the manufacturer, also lessen the value 
of concrete stone as a desirable material to use. 

When concrete stone is carefully manufactured, delivered in good order 
in well-made pieces at the building site, the manufacturers, architects, and 
owners are not yet assured of a gratifying result. The results of setting 
and general misuse by mason contractors is the most disappointing feature 
which I am familiar with, and I am firmly convinced that sooner or later 
the industry from necessity will be obliged to institute an educational pro- 
gram among the architects and builders to overcome such methods as are 
now practiced. 
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It is illogical, but is nevertheless true enough, that if a masonry 
structure trimmed with cast stone is not watertight, it seems prima facie 
evidence that the stone is at fault and the manufacturer of it is imme- 
diately placed in a defensive position; obliged to expend both much time 
and money in investigating the condition of the building. Usually he is 
successful in locating some other cause for the trouble. 

It takes generally a very inferior piece of concrete actually to leak 
water, but the most nearly waterproof material, if not tightly set together 
at the building, according to the approved practices, will be no better than 
the mortar which binds it together. 

Pointing and protection of the stone are two other important items 
and too great care cannot be exercised in either case, especially with point- 
ing. Many buildings would appear to far better advantage properly 
pointed, and not the least important is the final cleaning down of the work 
which is done best only when done properly. 

Why then should we expect to have our work acceptable in the highest 
degree when the only likelihood of doing so is when we have a perfect 
combination of architect, builder, manufacturer and owner—combining a 
knowledge of what to specify—how to manufacture—how to erect—and 
what to pay for? 

This is our only expectation of improvement and it cannot be hoped 
for until we ourselves consider carefully how best to overcome the condi- 
tions which defeat the purpose. 

Some apprehension may exist as to our ability to adopt a specification 
which would apply to wet-cast and dry-tamped stone, but my judgment 
leads me to believe that it can be accomplished. At least in the effort, we 
would be parted from nothing except a little time and a few opinions. 

The many considerations already stated in conjunction with the 
amount of capital invested, the years of expensive experience, and the con- 
stant study to improve our product, make it almost a necessity that we 
take the next steps—a concerted movement, with the greater force of 
united effort over many unrelated individual efforts on the part of all 
those anxious for progress, advancement and proper development of the 
industry. 

In my opinion, and I submit it to you for your consideration, there 
are two things to be done—adopt standard specifications through the 
American Concrete Institute and for work preliminary to that, and to sup- 
plement and to thoroughly establish those standards where adopted, the 
organization of the concrete stone producers, into a group association in 
which and through which we may undertake to correct the haphazard con- 
ditions of our industry. Let us not fail to balance the advantages of a 
standard specification against any possible shortcomings and if there is 
sufficient evidence in favor, set up a preliminary organization to formulate 
plans and method of procedure with the view of improving our position 
and our product. 


Neep or Nationa CERTIFICATION PLAN FoR Cast STONE 
INDUSTRY. 


By M. A. ARNOLD.* 


In this paper I shall endeavor to discuss a problem which has con- 
fronted the cast stone industry for a number of years, namely, standard 
specification. 5 

With a few exceptions, practically all of the major industries have 
adopted some method of standardization, realizing the industrial and eco- 
nomic significance of a standard specification. Equally as large industries, 
with as many various methods of manufacture have solved their problem 
of standardization by means of a process of elimination or simplification. 

In the past few years the writer has had the opportunity to discuss 
with many of the leading cast stone manufacturers the subject of standardi- 
zation and found that the majority of producers would welcome a properly 
prepared specification which would clearly describe the qualities and char- 
acteristics of the finished stone without attempting to set up a recom- 
mended practice of manufacture. 

Many of the producers seem to be laboring under the impression that 
they are using their own individual secrets and formulas in the manufac- 
ture of cast stone, when, as a matter of fact, the fundamentals of concrete 
apply to all methods of manufacturing cast stone, and with a reasonable 
amount of study, almost any manufacturer can duplicate his competitors’ 
colors and textures. If we are to be progressive, if we are to succeed in our 
efforts toward standardization, we should welcome our fellow manufac- 
turers and freely exchange ideas, establish closer co-operation among our- 
selves and consider the common good of the industry. 

In a few years the cast stone industry has grown from a small begin- 
ning as a side line in a backyard concrete bluck plant to an industry pro- 
ducing millions of dollars worth of stone annually, this being used in 
some of the country’s largest projects. Is it not appalling that such a 
gigantic industry could be satisfied with the present hit-or-miss methods 
of manufacturing? The time is fully ripe for all interested manufacturers 
to make a start in the proper direction. 

Architects and engineers attempting to specify the product have quite 
a number of names to select from, such as art stone, cut art stone, artifi- 
cial stone, cast stone, cut cast stone, composite stone, concrete stone, pre- 
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cast stone, cement stone, imitation stone and others. This often results 
in considerable confusion. The first preliminary step to be taken should 
be the establishment of a proper “term” relating to the product that 
would describe and distinctly classify the type of stone. Nothing is more 
disconcerting in business transactions than the loose and incorrect use of 
terms upon whose interpretation the meaning and intent of a contract may 
turn, and much difficulty will be avoided if such terms are clearly defined. 
While personally, I believe that the term “concrete stone” is the correct 
term to use, I fear that the consumer is not sufficiently informed to appre- 
ciate the correctness of the term and its use would have a tendency to 
place our product on a level with rough unattractive concrete. The term 
“cast stone’ would be more desirable, since it is more widely used and 
clearly describes our methods of manufacturing. Casting according to 
Webster means “the act or process of founding or moulding, or the process 
of taking impressions.” 

The next preliminary step should be the proper classification of the 
various methods that are now used throughout the country. To begin with 
let us analyze the fundamental principals of both the dry-tamp and wet- 
cast methods. Is it not safe to assume that both types of stone can be 
classified as “concrete” which is a mixture of cement, water and inert 
materials and irrespective of the consistency of the mixture used, is being 
molded either in sand, plaster, wood or gelatine? 

Assuming the term “cast stone” be used, the next step would be to 
separate the two methods into two distinct classifications. The dividing 
line is reached when the qualities and other characteristics of the stone, 
such as compression and absorption requirements and surface treatment are 
so considered. Surface treatment of the stone appears to be one of the 
most important factors and should receive careful attention, as this par- 
ticular item will greatly help us to arrive at the desired classification, 
namely “cast stone” and “cut cast stone.” 

At this time I should like to offer a few of the most important items 
which will require considerable study for both specifications. 


Cast STONE. 

(a) Surface Fimsh: 

All plain surfaces, mouldings, ornamental work, etc., shall either be 
“unfinished,” “trowelled,” “sprayed” or “acid washed.” 
(b) Materials: 

Materials shall be such as will meet standard requirements as well as 
colors and textures desired. 
(c) Compression Requirements: 

(To be determined by a series of tests.) 
(d) Absorption Requirements: 

(To be determined by a series of tests. ) 
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Cur Cast STone. 
(a) Surface Finish: 
All plain surfaces, mouldings, ete., shall be “re-cut” by hand or 


machinery. All ornamental work shall be re-carved to insure sharpness 
of detail. 


(b) Materials: 


Shall be such as will meet standard requirements as well as colors 
and textures desired. 


(c) Compression Requirements : 

(To be determined by a series of tests.) 
(d) Absorption Requirements: 

(To be determined by a series of tests.) ; 

This is only an attempt to illustrate to you the possibility of a national 
certification plan, and considerable research work and tests determining 
compression and absorption requirements for both types of stone will be 
necessary before a specification can be written. When a specification is 
being prepared this problem should be placed into the hands of a commit- 
tee appointed by the American Concrete Institute and consist of three 
groups—producers, consumers, and independent experts such as consulting 
enginers, ete. 

Both producers and consumers undoubtedly will be benefited by the 
adoption of a standard specification. It will result in more truly competi- 
tive bidding on the same quality of stone, greater uniformity, economy and 
simplification in methods of manufacture. The importance of standardi- 
zation in relation to the future development in the industry can hardly be 
over-estimated, and the adoption of a national certification plan should 
receive the whole-hearted support of every progressive manufacturer. 


Discussion.—NATIONAL CERTIFICATION PLAN. 


Freperic M. Emerson (By letter).—Being especially interested in 
the subject of standard specifications for concrete stone, I would like to 
make a suggestion which I hope may help lead to some definite standard. 

We will assume that the architect of the prospective structure has 
formed some mental vision of what he proposes to erect and, therefore, has 
formed an opinion of the character of stone he wishes to adopt. Having 
definitely framed this opinion, he should request one or more of such con- 
crete stone manufacturers as he deems of sufficient experience, and in other 
respects acceptable to him, to submit samples, describing to them the par- 
ticular kind of concrete stone he wishes to adopt for the particular struc- 
ture in hand. 

The architect then selects one or more samples, which we will assume 
are satisfactory to him, both as regards physical characteristics and archi- 
tectural features. He then identifies them by labelling or tagging, “Stand- 
ard Sample of Concrete Stone for X Building.” 

The matter of the specification now becomes most simple and should 
be stated in substance as follows: “Concrete stone to be incorporated in X 
building shall conform in every respect to standard sample on exhibit and 
identified in architect’s office,” or, if the architect wishes to make the 
specification even more rigid, he may use the following specification: 
“Sub-contractor on cast stone must be able to show .......... buildings, 
Abst so years old, containing concrete stone of his manufacture which 
in the opinion of the architect is of such quality and in such condition 
as will sufficiently establish said sub-contractor’s technical and artistic 
ability in the art.” 

Assuming that the architect has selected a high class product as a 
standard sample, the above specification, naturally, must insure only a 
high class result, provided, of course, that Mr. Architect insists on the 
requirements of his specification. Neate, 

The writer believes that the above suggestion may be helpful to archi- 
tects in obtaining exactly what they will require. At the same time it 
should greatly simplify the present condition, when so many architects 
are groping and trying to explain in writing what they are trying to obtain, 
some even trying to describe in detail what they believe should be the fine 
technique of manufacture to produce what they have in mind. 

The subjects of reinforcement, handling, setting, pointing, cleaning, 
ete., can more easily be standardized but the writer believes that these 
o not offer the same complications as the subject touched 
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upon above. The proportions of mixes, manner of casting, ete., cannot be 
standardized, as the architectural requirements in each individual case, 
naturally, will call for different mixes and manner of finishing. 

If the concrete stone manufacturer hag been in the business a sufficient 
period and has produced enough stone to establish the fact that he can and 
does produce only a high class product, and has established a reputation 
of a high order thereby, the architect should assume that he will continue 
to do so. Therefore, it does not seem necessary that the architect should 
feel it necessary to try to describe in his specifications all of the techniques 
of manufacture, in order that he may obtain such a stone as he may have 
in mind. 


Paciric Stone. A Dry Tamprep Propuct. 
By Giteert E. TUCKER.* 


The Pacific Stone Company of Seattle, Washington, is the largest firm 
producing high grade cast stone in the northwest today. Our plant now 
covers an entire®city block and facilities are such that orders of any 
magnitude are produced and delivered with a minimum of delay. 

I do not intend to dwell upon the necessity of a well-organized draft- 
ing room, of maintaining an expert modeling staff, or the methods of 
economically and scientifically making wood and plaster patterns, but the 
actual fabrication of what we have found to be a successful dry tamped 
cast stone. 

While the company’s entire present management for years were men 
who had formerly been connected with widely known cast stone firms 
manufacturing wet cast stone of the very best quality, we found condi- 
tions to be such that it was necessary to develop dry tamp stone or with- 
draw from the market. I mention this to bring out the fact that here is 
a firm thoroughly versed in the advantages and disadvantages of wet 
cast stone, who feel that through exhaustive and intensive research work 
on dry tamp products they are now producing a stone equal to the best. 

In our ‘casting shop the front of the building is designed to receive 
the various sizings of aggregates and cement in shutes which carry the 
materials into large bins located behind the backing and facing mixers. 
The aisle between the mixers and the hammermen’s runways are used to 
convey the various batches into the individual partitioned boxes holding 
both facing and backing materials. As nearly all our jobs call for at 
least three shades of color, a hammerman after ramming the first stone. 
from material taken out of his own box uses the hammerman’s box to 
the right of him for the second stone and to the left for the third stone. 
The runways running the whole length of the shop are constructed of two 
greased 2x6 in. planks placed 26 in. apart and properly bolted and braced 
20 in. off the ground. Directly at the end of the runways are the steam 
kilns. After the stone is properly cured the back door of the steam kiln 
is opened and we find the stone in the shipping yard ready for acid cutting 
or tooling as the case may be. 

We seldom vary from a 1: 2% facing mix composed of different sizes 
of hard aggregates carefully graded and ranging from 1% in. to almost 
dust. The proportions of fines are naturally held down to a minimum. 
Mineral colors are used only to tone down the white cement in forming 
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a pleasing background for the many highly colored aggregates that we 
are fortunate in having a choice of on the Pacific coast. 

The backing material is a 1:2: 3% mix of clean, carefully graded 
washed sand, roofing gravel and a gray waterproof cement. Seattle, with 
its climate of rain, sunshine and sometimes snow within a twenty-four 
hour period, and continuing in this manner for the whole of the winter 
months, while still a charmed land to live in, was the despair of both 
clay brick and cast stone manufacturers in showing up a beautiful coat of 
efflorescence. We have been particularly fortunate in this regard and I 
firmly believe it is because of the use of 4 Ib. of barium carbonate per 
sack of cement in our backing material. While I do not intend to dwell 
upon the chemical analysis of the use of barium carbonage, I feel it would 
be well for those experiencing difficulty in combating efflorescence to make 
experiments along these lines. 

In determining a water ratio for dry tamp stone, we must consider 
that as our plaster or wood moulds must be stripped down immediately 
after ramming, the stone must be dry enough not to warp or’ fall apart. 
The practical method is to keep the mix so that it easily balls up in your 
hand and yet shows a distinct water web when pressed against a trowel. 
Even during the initial set of the stone, we throw on a fog spray. In 
short, we are aiming at a semi-wet method of casting stone, and excep- 
tional care and experience is needed at this point of fabrication. 

Our hammermen are equipped with model No. 4-B Chicago Pneumatic 
hammers and Ingersoll-Rand hammers of like size. They have a stroke 
of 5 in., and at the maintained pressure of 100 lb. they strike from 1,000 
to 1,200 blows per minute. The usual butt of these hammers is 2% in. in 
diameter, but we keep various sizes in stock for special stones. As you 
can imagine, our patterns are made exceptionally strong to withstand this 
terrific pressure. The facing material is first thrown sharply into the 
bottom of the pattern and packed in all corners by hand, care being taken 
that a full 2-in. thickness is maintained; then 2 in. more of backing is 
added and the first machine ramming takes place. Approximately 4 in. 
of backing is placed for each ramming thereafter until the required depth 
is reached. In order to eliminate any lines of demarcation between ram- 
ming courses the stone niust be sharply scored with a trowel. The bot- 
tom pallet is then clamped on, the pattern box turned over and pushed 
down the greased Tunway and stripped. As the stone is now exposed with 
facing material up, the hammerman can do any slicking necessary while 
the “turnover man” sets up the pattern box for the next stone. Directly 
overhead are lines of fog spray sprinklers which are turned on at various 
intervals. 

As soon as the stones are in a condition to handle safely, they are 
conveyed into the steam kilng by lift trucks. A line of %4-in, steam pipe, 
perforated every 2 in., is run into wooden troughs which are placed 8 in. 
off the floor. These water-filled troughs are made of white pine approxi- 
mately 6 in. in width and 6 in. in depth. The roof is V-shaped of cor- 
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rugated galvanized iron, At 8 lb. pressure we are able to maintain a 
constant heat of 100 deg. F. This steam vapor rising, hitting the roof 
and condensing forms what I should consider a water-vapor cure. The 
method of live steam curing implies to the architect something that fs 
drastic and accelerated and therefore objectionable. We feel that he is 
right and therefore are attempting a water-vapor cure. While three days 
in the kiln is all that is necessary for acid cut stone, we obtain better 
results at 10 days for stone that is to be tooled. 

At least 80 per cent of our stone work is acid cut, by etching the 
surface with muriatic acid and water. The condition of the concrete is 
the main factor governing the proportions of water and acid, but in 
general a 1: 3 proportion will give the desired texture. Even the job of 
acid cutting requires care and experience or the stones will be ruined. We 
have some fine examples of carving and tooled work in the University of 
Washington buildings. 

The qualities of high compression, low absorption and modulus of 
rupture in a transverse test I believe to be the final requisite of a high- 
grade cast stone. In going through files and tests made by various testing 
laboratories on our material during the last three years I am unable to 
find any single test where the compression is lower than 6,000 lb. per sq. 
in. or the absorption higher than 4 per cent. In obtaining our certificate 
of quality in the Northwest Concrete Products’ Association we had to sub- 
mit our stone to a series of tests. Allow me to quote from the resultant 
report: “An average of 7,500 lb. per sq. in. crushing strength was obtained 
on a set of 3 cylinders made from the regular backing mix. An average 
of 6,500 lb. and 9,250 lb. per sq. in. was obtained from the two different 
types of facing materials.” The material for making the cylinders was 
taken from the regular batch and without advance information to the 
workman. All cylinders were made as near the shop practice as possible 
and cured with the regular run of cast stone. They were placed in the 
steam kiln for 10 days and for the balance of 28 days received ordinary 
air curing. The cylinders were then broken at the structural materials 
laboratory of the University of Washington under the direction of Profes- 
sor Ira L. Collier and F. R. Zaugg of the Seattle Portland Cement Asso- 
ciation. The average absorption of all cylinders was 114 per cent. These 
tests were obtained from the batches on two jobs that were being made at 
the time. 

Our company was recently asked to figure a new 27-story building with 
the intention of facing the entire structure with our material. The archi- 
tect had never used cast stone except on a few small jobs and therefore 
obtained the services of the leading testing laboratory in the northwest to 
make a complete and extensive survey of our material. Their final report 
covers five pages, so I will just give results obtained. Backing material 
was 7,627 lb. per sq. in. Facing material was 6,770 lb. per sq. in. Stones 
with no surface waterproofed showed an average absorption of 1.16 per 
cent. Stones that were surface waterproofed showed an absorption of 0.8 
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per cent. The modulus of rupture in a transverse test with facing material 
in tension showed an average of 967 lb. and with backing in tension 897 
Ib. In no case was there a sign of cleavage between backing and facing 
material. Tests were made to produce stain in contact with different metals 
without unfavorable results. 

Unquestionably the manufacturers of cast stone, whether it be dry- 
tamp or wet cast are being seriously hampered in their progress by firms 
caring little about quality. It would therefore appear that regardless of 
our private opinions, we should not question each other’s methods of pro- 
duction but band together in an effort to standardize a set of specifications 
embracing both methods with but one point in view—to manufacture and 
produce a high quality of cast stone. 


DiscussIon—Paciric STONE. 


AUSTIN CRABBS.—I do not think too much stress can be laid on the mr. Crabbs. 


value of adopting a definite name for concrete stone. In choosing that 
name, the psychology of the name itself in furthering sales should be 
taken into consideration. We have been making’ stone on a rather small 
scale, and about a year ago we started calling our product architectural 
stone. This is a somewhat similar name to art stone and other terms used 
by some other manufacturers, but we find that we get more attention when 
we talk about architectural stone than about cast stone or something of 
that kind. Our experience has convinced me that the method of approach 
has a great deal to do with the eventual success of a name. 

While in many cases it is more satisfactory to say architectural stone, 
in others we must define that a little more, and we say architectural cement 
stone or concrete stone. I feel that the expression synthetic stone is rather 
in disrepute. As brought out by Mr. Arnold’s paper, the architects and 
engineers as a whole are not particularly interested in how the stone is 
made, and the more that question is stirred up, the more confusion will 
arise. I think it is better that some specification should be used giving 
the result, and not dealing with the method of obtaining that result. 

Earnest KremMers.—Why use the word stone? It seems to me that 
stone in the English language means a natural product. It would be much 
more definite and honest to call this product cast concrete. 

C. A. BuLLEN.—I believe there is only one term that should be used 
if we are to be properly understood, and that is cast stone. In making 
various kinds of stone, stone is used as an aggregate. In many parts of 
the country an imitation marble, limestone, or granite is being made and 
in each instance they use natural granite, limestone and marble. To get 
down to a, definite basis, this concrete product should be called cast stone 
whether it is synthetic or otherwise. 

J. W. Muetter.—I speak as a consumer. I believe that the consumers 
would be much better satisfied if the Institute were closely identified with 
standard production practices as well as with details of design and meth- 


ods of selling. 
L. A. Datco.—I would like to move that the Board of Directors appoint 


a committee on the matter. 

R. W. Levinsonn.—From the long experience that most of the archi- 
tects in the country have had in writing cast stone in specifications, 1 
believe it would be very hard now to educate some of them to use another 


term. 
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KE. Y. Braccer.—For many years this problem has been a serious one 
for architects. They do not know what to specify and have been governed 
largely by appearance and more especially by price. I feel that we 
need closer co-operation among the manufacturers. There is hardly a 
cast stone job but what could have been improved in some little details. 
If it is beyond the power of that manufacturer to solve any particular 
problem, let him be sufficiently close to his neighbor to call him in and 
find out what the trouble is. Other industries are doing it and are solving 
their problems. I strongly recommend that the gentlemen interested in 
that problem do not stand on high pedestals but give special attention to 
the younger members of the family and do everything they can to en- 
courage a healthy growth of that which will be, at some time, a good 
growing concern. 

M. A. ArNoLp.—If an Association were to be formed and some speci- 
fication were to be drawn, my firm stands ready to adopt the name con- 
crete stone immediately. For as mentioned in the paper by Mr. Eyrick, 
every architect is against an imitation of any kind of material. If we 
adopt the name concrete stone, we are getting into our own field where 
we belong. 

Many cast-stone manufacturers are having their troubles about price. 
They cannot compete with natural limestone, and the trouble is that they 
are in the business of imitating natural limestone. In our part of the 
country we make an effort to create an individual texture and color for con- 
crete stone. If the architect likes it, he will specify and use it in spite 
of price. 

C. VAN be Bocarr.—I do not believe that the Institute should attempt 
to hold jurisdiction over what this material should be called. T believe we 
should decide on our motion on a committee. In due time it will be 
appointed, and then it will be up to the cast-stone manufacturers them- 
selves to decide on what they want to call their own material. (The mo- 
tion was unanimously carried. ) 


' 
FORMULATING PORTLAND CEMENT STUCCO. 
By WILLIAM S. STEELE.* 


Formulating portland cement stucco is my subject, and I propose to 
treat it from a commercial, practical and semi-technical standpoint, rather 
than from the graph, chart and statistics of the laboratory. 

Factory pre-mixed stucco, in colors, is increasing in popularity, and 
commands a good price in the current market. This demand is a lure to 
potential manufacturers who see in the fall of magnesite products a bo- 
nanza in the portland cement field. 

The decline in plastic magnesia products, and the unfavorable showing 
made by magnesia stucco can be attributed largely to lack of foresight and 
unified control of its manufacture by the raw material producers. The 
embryo manufacturer was led to believe that magnesite was a fool proof 
mineral and that its conversion into a durable stucco was only a simple 
mixing process. Experience was unnecessary, and profits were so large that 
a minimum of capital was needed. Countless instances could be cited where 
a raw material broker handed out rule-of-thumb formula and extended 
huge credits to inexperienced men to promote the sale of their products. 

A small percentage of these manufacturers made a serious study of 
their field and put out products that were properly proportioned, and tried 
to instruct the plastic trades in honest stucco application. This class was 
the first to see the handwriting on the wall, and to accept in the increas- 
ing popularity of colored materials, (unattainable with oxychlorides) an 
opportunity to devote their plants and organizations to the mixing of port- 
land cement stucco. Because of years of experience in the blending of 
stucco and first hand knowledge of its application, these manufacturers are 
a valuable addition to the portland cement field; and as a member of this 
group I plead for an open arm reception of the responsible ex-magnesite 
stucco makers. 

It is not possible nor practical to lay down an iron-clad set of rules 
for the guidance of all stucco manufacturers. Prohibitive freight rates, 
for example, would reject for a mid-western plant the aggregate used on 
either the eastern or western coast. Climatic conditions in the north and 
on the Atlantic seaboard compel certain precautions and the use of in- 
gredients that are unnecessary in California and Florida. Still it is vitally 
important that high standards be raised and insisted upon to govern the 
manufacture and distribution of portland cement stucco, and to insure 
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for it the place which it merits in the field of building materials. Con- 
sideration of stucco bases should be thorough, and the findings should be 
broadcast for or against each stucco backing offered for sale. 

The portland cement industry is in a position to control and recom- 
mend practices where the base is concrete or masonry. The range is so 
varied over frame construction that the observations of each stucco manu- 
facturer should be placed in centralized hands to assist them in passing 
judgment on patent bases for the benefit of us all. Results desired, rather 
than proportions and ratios of ingredients, must form the basis for manu- 
facturing specifications. Past experience must dictate a given minimum 
of tensile strength required for acceptable stucco at the end of 7, 28 and 
90 days, respectively. A substantial margin of safety should be added to 
these figures and the totals set as minimum standards for approved mate- 
rials. Compressive strength and abrasive resistance are unimportant fac- 
tors in stucco, since stucco is not called upon to endure either compression 
or abrasion, under normal conditions. : 

Plasticity is a factor of importance commercially, but it is a quality 
that adds neither strength, permanence, nor resistance to the material in 
itself, and can safely be determined by each manufacturer, where added 
plasticity is not obtained at the expense of more important standards of 
safety. 

Water-repellance, absorption, time of set, density, and shrinkage are 
so closely related that a given coefficient of expansion and a predetermined 
density will control these other properties. Injurious admixtures and 
fillers functioning as accelerators, waterproofing agents, fatteners or void 
fillers, in most cases will cause undue shrinkage and cracking, and auto- 
matically eliminate their use. Here again, climatic conditions prevent a 
nation-wide ban or approval of certain items. Lime, for example, should 
not be used where the stucco wall is exposed to sea-air or alkaline water; 
yet its use might be an advantage under different atmospheric conditions, 

Coloring pigments must be made the subject of intensive research. 
Should the color proportion be deducted from the volume of cement or 
aggregate? Should earthen colors be used? Are chemical precipitates per- 
manent? What effect does the iron oxide content of a given pigment have 
on the perfect hydration of the wall, and permanence of the selected shade? 
These questions must be answered and coloring agents selected that are 
non-injurious, fast and uniform. 

Fire-resistance is an important factor in stucco. Avoid the use of 
fillers and pigments that decompose readily under heat, for decomposition 
of particles in the material leave a pitted and porous surface. A well- 
balanced material will also provide strong resistance, to lateral strain. It 
would be well to include such a feature in our specifications. ; 

Since coverage and guarantee of spreading capacity are important 
sales arguments, there may be a tendency to provide a bulky package, in- 
suring increased yardage at the expense of vital factors enumerated above. 
For this reason this practice should be checked through a standardized 
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* “weight-by-volume” specification, although a material measuring up to 
these standards could not easily carry a harmful proportion of fluffy 
fillers. 

I believe in a uniform specification for the portland cement stucco in- 
dustry embodying a thoroughly tested, predetermined figure covering each 
of these properties, and I urge that a separate unit be formed of stucco 
manufacturers closely allied to and having the whole-hearted support of 
the Portland Cement Association and the American Concrete Institute, 
with sufficient prestige and authority to approve materials that are worth- 
while, and either to improve or condemn shoddy products, 

Since the stucco scratch and brown coats are hidden and covered by 
the colored finish coat, the largest proportion of these materials will always 
be manufactured by the mason at the mortar box. For this reason, simple 
and complete instructions for mixing these coats should be broadcast 
through the plastic trades, educating the mechanic in correct procedure. 
Teach him the purpose of each coat; how to kill suction in his base; what 
to avoid in selecting his aggregates; the correct proportions of cement to - 
sand; whether or not to waterproof; and how long to wait between coats. 

The base coat must set rapidly enough to prevent sagging. Make it 
plastic enough to stay where it is placed, and strong enough to form 
rigid keys and to provide a permanent and rugged foundation for the suc- 
ceeding coats. The brown coat shall have strength equal to the scratch 
coat. Additional plasticity and density is desirable in this coat for ease 
in spreading over an absorptive base, and to check excessive suction in 
finish coat application. Instruct the mechanic how to obtain these qualities 
and how to judge his results, and the stucco manufacturer gains a valuable 
ally and an insured base for his finish coat. 

Given a definite set of finished wall specifications as his goal, the pre- 
mixed stucco manufacturer must conduct his preliminary research work 
with the sole purpose of reaching these standards. The products must 
attain a minimum tensile strength at stated periods. Elementary experi- 
ments in the ratio of cement to aggregate will determine the proportions 
required to attain this strength. Available aggregate supplies should be 
analyzed and tested, for a balanced ratio of fine, medium and coarse aggre- 
gate will control, to a large extent, the coefficient of expansion as well as 
the density of the product. Determine the percentage of voids in the aggre- 
gate and use that percentage as a starting point in determining the ratio 
of cement to sand. Then increase or decrease in quantity as circumstances 
warrant. 

Now, with a satisfactory blend of sand and cement in the correct ratio, 
the product may meet all requirements of strength, shrinkage and density, 
but it is not commercially salable. Cater next to your customer. Plas- 
ticity can be gained through many channels. Test them all, and reject or 
accept them according to the results obtained until your blend still meas- 
ures up to the standards set, and is at the same time elastic and easy to 


work. 
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Is your product now safely water repellant? Portland cement stucco 
should not be 100 per cent waterproof, for such a mix will check complete 
hydration. Yet it must be sufficiently water repellant to protect its base. 
Integral waterproofings may or may not be necessary in your formula, as 
your tests will show. 

Color choice and selection of a standard color range are highly impor- 
tant. Standardize on as few colors as possible to meet the demands of 
your clientele, and devote all of your efforts to the perfecting and improving 
of those shades. 

This brief outline is, in our opinion, an essential course to pursue in 
building commercial formulas for pre-mixed stucco. Localities and cli- 
matic conditions will determine to a large extent the course of procedure 
in experimentation, but the fundamental principles are the same whether 
the town be New Orleans, Minneapolis or Boston. Poorly mixed stucco 
and faulty application must be avoided if our industry is to progress. 
Education of the plastic trades in application, and a centrally controlled 
unselfish manufacturer’s association with power to enforce a high standard 
of manufacture through approval or threat of boycott is, in our opinion, 
the combination to assure our growth and the increasing approval of our 
products. 


Discussion.—PoRTLAND CEMENT STUCCO. 


C. G. WALKER.—In his comments Mr. Steele has given the viewpoint of Mr. Walker. 
a manufacturer of prepared portland cement stucco. I should like to 
briefly discuss the matter from the viewpoint of those who are charged 
with the improvement and extension of the use of stucco as one form of 
concrete—the Portland Cement Association. 

Several years ago the American Concrete Institute established standard 
specifications on the preparation of portland cement stucco. That was 
before the time of factory-mixed portland cement stucco and before the 
introduction of modern textures. While mortar prepared in accordance 
with the A. ©. I. specifications is satisfactory for base coats and for rough 
cast, spatter dash and perhaps for sand float finishes, it is not possible to 
use such mortar in putting on modern textures. 

Any manufacturer who has looked for published information that 
might help him in solving the problems of preparing stucco that could 
be textured with a trowel has found a discouraging lack of helpful data. 
There is very little information available on any sort of cement mortar, 
to say nothing of the special kind of mortar that is necessary for modern 
texture work, Years of study and research have produced a vast amount 
of data on concrete mixtures and although the principles of gocd concrete 
and mortar are essentially the same, refinements in the handling and plac- 
ing of cement mortars require that the mortar have properties entirely 
unnecessary in concrete. Such then has been the situation in which pros- 
pective manufacturers of portland cement stucco have found themselves. 

Coincident with the increasing use of portland cement stucco so many 
inquiries have come to us from various sources for information on the 
preparation of stucco, on the effects of various admixtures in stucco and 
on the quality of factory-mixed stucco that we felt it necessary to obtain 
for our own benefit definite information as to the composition and quality 
of portland cement stucco on the market. 

At random, samples of factory mixed stucco were picked up in different 
parts of the country and sent to our chemical laboratory. Three stuccces 
of different colors from each of fourteen representative manufacturers were 
carefully analyzed. It is a current belief that such a mixture as factory- 
prepared stucco can not be successfully separated into its component parts. 
While we cannot expect such results to be exactly accurate, we did find 
by checking them through different methods that they were accurate within 
a small range. 

Analyses showed that there is a great diversity in the composition of 
different brands of pre-mixed stucco. Proportions varied widely but most 
of the mixes ranged between 1: 2.5 and 1: 3.5 by weight. Aggregate was 
generally a combination of crushed marble and silica sand but in some 
cases crushed marble and in other cases silica sand were used alone. 
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In the matter of admixtures, we found lime, asbestos and marble dust 
most frequently used. It was surprising and even alarming to discover in 
some of these portland cement stuccoes additions of as much as 50 per 
cent of hydrated lime by weight of cement, which is approximately 100 per 
cent by volume. Additions of 70 per cent hydrated lime by volume of 
cement were characteristic of many of the stuccoes. Marble dust was 
present in some cases in amounts varying from 5 per cent to 100 per cent 
by weight of cement. In other cases both marble dust and hydrated lime 
were present in large quantities. 

Upon conclusion of the analyses we decided to make standard tests on 
the compressive and tensile strength and on the absorption of some factory- 
prepared stuccoes. Specimens were made from only five brands for test at 
7 and 28 days of age. For comparison, specimens were also made from a 
mortar prepared in the laboratory in accordance with American Concrete 
Institute specifications, using O-8 Elgin sand. All specimens were cured 
for 5 days under damp sacks and thereafter in the air of the laboratory 
until time of test. Such curing, as you know, does not give a true cement 
product a fair chance. However, Specimens made from standard mortar 
were about three times as strong as those made from the weakest factory- 
prepared stucco, and the strongest factory-prepared stucco was more than 
twice as strong as the weakest. These relations held for both compressive 
and tensile strength. The absorption of specimens made from factory- 
mixed materials was about three times as great as that of the standard 
mortar after 5 minutes immersion, twice as great after 30 minutes immer- 
sion, and 14% times as great after 24 hours immersion. 

In connection with the chemical analyses and physical tests already 
made on prepared stucco, sieve analyses were made on 10 different brands 
in order to study the type of aggregate that was being used. The extreme 
variations found in the grading of aggregate used in these 10 samples 
indicated that most manufacturers were not paying sufficient attention to 
this phase of stucco preparation. In view of the very poor grading of 
aggregate in some of the stuccoes, it became evident why large additions 
of plasticizing agents were necessary to make the stucco workable and 
commercially salable. 

A study of the effect. of size and grading of aggregate on the worka- 
bility of stucco was begun on samples prepared in the laboratory. Sand 
was separated into 5 different sizes and recombined to give the grading 
desired. About 25 mixtures were tried out, varying the size and grading 
of sand and proportions of the mix. The stucco mixtures ranged between 
one made in accordance with A. ©, T. specifications and a 1:2 mix (by 
volume) using sand all of which passed the 28-mesh sieve and 18 per cent 
of which passed the 100-mesh sieve. Tests on workability were made by 
an experienced plasterer who mixed the mortar and then applied it to a 
panel previously browned in. From the standpoint of plasticity none of 
these mortars except the ones using fine sand or a rich mix were at all 
satisfactory for texture work. Time did not permit a more extensive 
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study but the experiments that, we did make convinced us of the important 
bearing that grading of aggregate has on the workability of stucco. 

Recently there has been considerable discussion as to the necessity 
of high strength and low absorption in finish coat stucco. Aside from the 
fact that high strength usually accompanies high density, the latter quality 
of stucco would seem to be more important for numerous reasons. Absorp- 
tion of water by the finish coat increases greatly the disruptive action of 
frost. Repeated absorption and evaporation of water from the stucco is 
attended by volume changes which have a disintegrating and loosening 
effect on the materials. The wash of rain over the face of a wall removes 
bit by bit the particles which have been loosened by volume changes or by 
frost action. Passage of water in and out of the finish coat increases 
the chances of unsightly efflorescence. A high degree of absorption may 
be an indication of a condition which allows the slow leaching out of even 
the relatively insoluble materials of which stucco is made. An inspection 
of masonry walls will reveal the effect of weathering on mortars, especially 
near the top and near the grade line where exposure is always most severe. 
In view, therefore, of all the attacks that finish coat stucco has to with- 
stand, it seems evident that strength and density are necessary. 

The installation of a small freezing room in our laboratory in Decem- 
ber has given us an opportunity to conduct some freezing and thawing tests 
on stucco to determine whether there is any relation between its strength 
and density and its resistance to weathering. A small preliminary group 
of tests have been started on 8 types of stucco mixtures ranging from 
straight lime stucco to portland cement stucco with the permissible 10 
per cent of hydrated lime by weight of cement. Two mixes were included 
using two admixtures other than lime and one mix using very fine sand. 
Specially graded white silica sand was used in all cases, graded as follows: 
18 per cent coarser than 28-mesh sieve, 59 per cent coarser than 48-mesh 
sieve, 85 per cent coarser than 100-mesh sieve and 97 per cent coarser 
than 200-mesh sieve. Stucco was applied to panels 12 in. square and 
allowed to cure 5 weeks before being subjected to freezing tests. The test 
procedure is as follows: Panels are wet by placing them face down in 
about a %4 in. of water for about an hour, after which they are placed in 
the freezing room until they become frozen. They are thawed by again 
placing them face down in water and the freezing is repeated. While these 
tests have not been carried on long enough for us to obtain any conclusive 
results, there is evidence of considerable disintegration of the straight lime 
stucco. The procedure has been criticized as not being a real freezing test 
since the panels lose considerable water by evaporation before they become 
entirely frozen. 

Specimens from the 8 types of mortar were made for compression, 
tension and absorption tests. Volume change studies were also made on 
thin slabs of the same material. Careful notes were made on the plasticity 
and other characteristics of the mortars. It is expected that the results 
of these tests will be useful in outlining a more comprehensive series. 
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We wish to make clear that our studies and tests have been of a very 
preliminary nature and that we have reached no conclusions except that 
further systematic study and experimentation are desirable. We are con- 
vinced that the size and grading of aggregate have an important bearing on 
the strength, density, shrinkage and workability of stucco. While we 
ourselves firmly believe that there is a direct relation between strength 
and density of stucco and its resistance to weathering, we will be glad to 
have this question settled by suitable tests, realizing at the same time that 
in laboratory practice it will be difficult to introduce and control all the 
factors that enter into weathering. 

We understand that some changes are contemplated in the present 
A. C. I. specifications on the preparation of stucco. We believe the specifi- 
cations should be changed in a manner which recognizes the demand for 
stucco that can be textured. Whatever the changes may be, we sincerely 
hope that they will include such specifications and tests as will closely 
regulate and protect the quality of finish coat portland cement stucco. 


THE DESIGN AND CONSTRUCTION OF A SKEW ARCH. 


By S. C. HoLuisTer.* 


Introductory.—This paper deals with the solution of a skew arch prob- 
lem, in the building of a bridge in Chester, Pennsylvania, to carry West 
Ninth St. over the Chester River. The arch has a span in the direction 
of the roadway of 160 ft., with a theoretical rise of 12.62 ft. The width of 
the bridge is 60 ft., and the angle of skew is over 42 deg.; hence the pro- 
portions are such as to place no part of either abutment face perpendicu- 
larly opposite the other. The bridge was designed during the first half of 
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FIG. 1.—GENERAL VIEW LOOKING DOWNSTREAM. f 


1925, and construction was started in October of the same year. It was 
opened to service in October, 1926. 

The paper will treat in sequence a discussion of skew arch action; the 
design of Ninth St. Bridge; the construction of the bridge; and certain 
strain-gage measurements made upon the span after completion. The 
writer has kept free from long mathematical discourse, in order that con- 
clusions regarding each step requiring decision could be set forth with 
clarity. 

Mechanical Behavior of Skew Arch.—A skew arch is different from a 
right arch in that the abutment face is not perpendicular to the spandrel 
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wall and the abutments are not wholly opposite one another. Stresses due 
to the loadings will follow paths of greatest stiffness. Thus, in a skew 
arch the paths of stress undertake the shortest route to the abutment— 
they tend toward a direction normal to the abutment face. Resultant 
stresses therefore are in planes not parallel to customary planes of load- 
ing, hence distortion takes place transversely as well as vertically and 
longitudinally. 

Consider the plan of a skew arch shown in Fig. 2 (a). The roadway 
runs in the direction BD. A load at the center of the span would set up 
stresses tending to reach the abutment by the shortest route. Thus the 
load would tend to be transferred through the arch in a direction per- 
pendicular to the abutments AB and OD. The load on the abutment AB 
would not be uniform over the length 4B but would be greater at B. 
This would tend to thrust the end of the abutment B a greater distance 
from the center of the span than it would A and similarly would depress B 
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FIG. 2.—TYPES OF SKEW ARCH, 


a greater amount than A. The originally unloaded abutment line AB 
would therefore be rotated about some horizontal axis normal to the abut- 
ment, also about a vertical axis through the abutment. These two dis- 
tortions are in addition to the only rotation usually considered in a right 
arch, namely, that caused by moments about a horizontal axis parallel to 
the abutment face. 

Distortions on the abutment CD due to this central load are similar to 
those on the abutment AB except that distortions of similar kind are found 
in one abutment on the opposite side of the center line of the roadway 
from those on the other abutment. It is plain, therefore, that the span 
is subject to torsional forces acting about a longitudinal axis as well as 
about a vertical axis. These are in addition to the customarily considered 
bending moments about a horizontal transverse axis. 

A perpendicular to the abutment AB drawn through the end B cuts 
the abutment line CD at the point B’ which lies between © and D. Simi- 
larly, a perpendicular drawn from OD at 0 cuts the abutment AB at OQ’. 
The portion of the structure O’B B’O is in fact a right arch and will tend 
to act as such. If, by altering the dimensions or shape of the span one can. 
increase the proportion which O’B is of AB, one will be approaching result- 
ing stress conditions similar to those in a right-arch span. If a conduit 
or tunnel lining were under consideration where AB is very long with 
respect to AC then the portion (’B B’C is considered as a right arch and 
the portions AC’O and BB’D would exert only local effects and would be 
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designed in such a manner as to transfer loads coming upon them laterally 
across the lines O’C and BB’, respectively, into the right arch portion of 
the structure. re 
Consider now Fig. 2 (b) in which a line drawn perpendicular to the 
abutment AB at B passes through the extremity C of abutment OD. In 
this case the portion of the structure which was a right arch in Fig. 2 (a) 
has now disappeared and the stability of the structure will depend upon its 
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FIG. 3.—ELEVATION, PLAN AND DETAILS. 


ability to resist the torsional effects of such an extreme skew. In Fig. 2 (c) 
the skew condition is even further exaggerated because the perpendicular 
to the abutment AB drawn through B does not strike the abutment CD at 
all but passes beyond the end C. 

It should be plain from the foregoing that the skew effect is not due 
solely to the angle of skew but rather is due to a combination of angle of 
skew with breadth of roadway and length of span. Thus, although the 
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THE DESIGN AND ConsTRUCTION OF A SKEW ARCH. 375 


angle of skew in the given structure may be large the resulting condition 
may be one of “partial skew” as in Fig, 2 (a) rather than “total skew” 
as in Fig. 2 (b) and (c), depending upon the additional factors of length 
and breadth of span. 

In cases of “total skew” the resultant pressure line may cut the 
abutment outside of its middle third thus producing at the obtuse angles 
B and C horizontal and vertical reactions more than double the average 


FIG, 5.—JOINTS IN SOFFIT SLAB AND RIBS. 


reaction and at the acute angles A and D even produce tension instead of 
compression. It is plain also that under such conditions it is not possible 
to design a skew arch by analysis as a right arch of one lamina parallel 
to the spandrel even though the loads on the structure be only vertical 
and arranged symmetrically on the center line of the roadway. 

In designing a skew arch of “total skew” as shown in Fig. 2 (b) the 
reactions at B and C should be provided in intensities equal at least to 
twice the average intensity over the whole abutment; and provision should 
be made at the acute angles A and D for reversal of horizontal and ver- 
tical reaction from compression to tension. 

In designing structures of extreme “total skew” such as is shown in 
Fig. 2 (c) provision must be made for tension at the acute angles A and 
D which will surely be present both in uplift and in horizontal reaction; 
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and the obtuse angles B and C will correspondingly be loaded with thrust 
and vertical reactions more than twice the average over the abutment. In 
both of these cases the abutments should be investigated for possible shear 
across the acute angles of the abutments back of the points B and 0. 
Failures of abutments at these points are known to have taken place in 
some structures due to the high pressures transmitted from the obtuse 
angles of the span. 

The writer is of the opinion that the suggested provisions for occur- 
rence of tensile stresses in the region of the acute angles should be adhered 
to, as a precaution against stresses induced by conditions sometimes not 
possible to foresee.. ‘ 

Great care should be exercised in the case of a thin, wide crown sec- 
tion, since it may cure transversely. This action will affect the analysis 
for thrusts and moments, if the latter are determined on the assumption 
that any cross-section retains its form during the loading process. 


DESIGN. | 


Location Conditions.—Ninth St. is 60 ft. in width with a 36-ft. road- 
way. The gradient at the bridge is so small as to be practically level, 
although actually there is a slight drainage toward Chester River from 
both directions. Traffic on this street is very heavy because it not only 
serves as one of the main arteries of the city of Chester but in addition 
is a part of the trunk highway system between Philadelphia and Wilming- 
ton, Baltimore and Washington. Chester River is crossed by Ninth St. 
at an angle of about 45 deg. The crossing is about a half mile from the 
Delaware River into which Chester River empties. Tidal variations at the 
crossing average about 3 ft. The great breadth of the Delaware rapidly 
absorbs any sudden increase in runoff from the head waters of Chester 
River and hence such high water as would be experienced at the crossing 
would be caused practically entirely by water backing up from the rise in 
the Delaware itself. The fluctuation in flood water stage in the Delaware 
at Chester is very small. The elevation of the street gradient is 19 ft., 
approximately, above the mean water level of the stream. 

For more than thirty years a through Pratt truss bridge has carried 
the street over the stream. This old bridge had a span of 162 ft. with a 
skew of 55 deg. The county commissioners desired a deck structure in 
the new construction—that is, they desired no superstructure above the 
roadway except the hand rails. The general requirements therefore called 
for some form of deck structure 60 ft. in width, 160 ft. in span with a 
skew of approximately 45 deg., the whole structure to be built within the 
19 ft. between roadway and water surface in such a manner as to allow 
adequately for proper waterway. A single span structure was essential 
because small craft navigate to points above the bridge and such naviga- 
tion is protected through control of the stream by the War Department. 
Fifteen-foot clearance has heretofore been maintained above mean water 
level at the center of the channel. Obviously under such conditions some 
form of arch structure was the only solution. 
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Determination of Type of Arch.—A study of the conditions as above 
related disclosed the fact that the minimum amount of skew possible to 
accommodate the stream was about 40 deg. and that even under such 
minimum conditions together with a width of 60 ft. and a span of 160 ft., 
no part of one abutment would lie directly oposite any part of the other 
abutment but on the contrary normals drawn from the extremities of one 
abutment face would be no nearer than about 25 ft. to the other abutment. 
Thus the problem would be one of “total skew” [see Fig. 2 (c)]. 


FIG. 6.—NOTE KEYWAYS IN ABUTMENT SEAT, ALSO REINFORCEMENT FOR 
TENSION AT ACUTE ANGLE OF SPAN. 


The total depth of the structure at the crown, maintaining the clear- 
ance beneath the bridge of 15 ft. and at the same time preserving the easy 
gradient of the street, was 4 ft. 3 in. Whatever the form of arch, there- 
fore, the flatness of the curvature and the small distance between roadway 
and soffit at the crown would require at least the middle third of the 
span to be so constructed as to have the roadway supports and the arch 
cast monolithic. 

The open-spandrel construction in which the floor system is not cast 
monolithic with the ribs at the crown can be so arranged as to remove 
entirely the various effects found in the skewed barrel arch. Under such 
circumstances the ribs would be designed and constructed separately as 
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right arches and the spandrel and floor framing would consist of bents 
resting upon these right arches. In the case at hand, however, this scheme 
could not be utilized. Obviously, an open-spandrel structure built within 
the narrow limits permitted in the present case would result in a span 
subjected to severe torsional effects with lateral and torsional structural 
rigidity absent. For this reason the writer eliminated the open-spandrel 
type from further consideration. 

The cantilever structure was next considered. The great length of 
span with small rise would result in large distortions due to temperature 
change. Strains due to this cause and to dead- and live-load would develop 
statically indeterminate conditions similar to a hinged skew arch due to 
the skewed abutments. Furthermore, a cross-section made up of longi- 
tudinal ribs with a deck slab would not develop torsional stiffness. It 
seems questionable that the necessary rocker joint which would have to be 
constructed on the piers within the tidal range could be so constructed as 
to be reliably efficient throughout a long structural life. Further con- 
sideration of the cantilever form was therefore abandoned. 

Consideration was next given to the solid barrel type of skew arch. 
Assuming first of all that such a warped slab could be properly designed 
to resist torsional stresses, various methods were reviewed for supporting 
the deck. Transverse walls placed parallel to the abutment face were con- 
sidered undesirable in that they did not contribute to the strength of the 
arch on the one hand and on the other imposed upon the warped barrel 
dead- and live-loads along fixed lines at intervals along the span. Column 
supports would tend to concentrate these dead and live deck loads at fixed 
points on the barrel without adding to the structural strength of the 
barrel itself. Bearing in mind also that the total thickness of the bridge 
at the crown was limited to 4 ft. 3 in. out of which both deck slab and 
barrel thicknesses would have to be taken, there would result a region 
of considerable stiffness in the central part of the span which would not 
properly or along direct paths be carried to the abutments. This would 
especially be true of the torsional moments. 

Longitudinal ribs seemed more favorable to meet the various condi- 
tions in that they would add to the structural stiffness and would not tend 
to load the barrel at a series of panel points. However, in the region of 
the haunches these walls would be quite high and the effect of their stiff- 
ness upon arch action together with the deck slab which would be cast 
monolithic with them would require a thorough anchoring ‘of both walls 
and deck slab at the abutments to resist bending about the horizontal 
or oblique axis. Plans were prepared on this design but upon further 
consideration this form was rejected in favor of a more flexible construc- 
tion in the region of the haunches obtained by making the deck structure 
on this area entirely separate from the arch and by forming the arch for 
its full length of two warped slabs separated by longitudinal ribs (Fig. 4). 

The tubular construction finally adopted appeared to permit the most 
economical use of materials in the middle portion of the ‘span, in giving 
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proper strength to the deck slab and at the same time employing this deck 
slab together with the soffit slab in developing a maximum of torsional 
stiffness for the amount of material employed. Furthermore, continuation 
of this central portion of the deck slab on an incline to the abutment to 
serve as the upper face of the tubular arch made possible carrying the 
stresses set up by torsional moments over the most direct paths to the 
abutment. A certain continuity of torsional resistance was thus accom- 
plished throughout the length of the span. It should be borne in mind that 


FIG. 7.—TORSION REINFORCEMENT IN EXTRADOS SLAB. 


when a long rectangular section is submitted to torsional strain, the stress 
is a maximum at the middle of the long side of the rectangle. 
Construction Oonditions.—In order to obtain the greatest possible rise 
to the arch, the springing line was put at about the elevation of mean 
water level. To support such an arch during construction would require 
piling driven in the mud bottom of the stream to refusal on the rock 
below. The depth to rock at the face of the west abutment was about 3 ft. 
and at the east, about 17 ft. The mud above, however, could not be de- 
pended upon to resist lateral forces. There was likelihood, also, of winter 
high water sufficient to submerge the arch haunches, and perhaps weaken 
the falsework structure. Because of these conditions, it was essential to 
arrange the construction and design to accommodate a falsework structure 
in which lateral rigidity could not be depended upon to any great extent. 
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It was realized in the design that the sequence of construction would 
be: First, to cast the soffit slab of the arch; second, to cast the ribs; and 
third, to cast the extrados slab. In this sequence, it was also appreciated 
that if the soffit slab were cast complete, the settlement of the falsework 
when the ribs were cast would introduce stresses in the soffit slab and 
thus probably introduce into the falsework oblique thrusts. Furthermore, 
as the extrados slab was later added there would be further stresses intro- 
duced into both soffit slab and falsework. These various conditions would 
impose stress distribution in the arch quite different from that indicated 
in an analysis in which the stress over the entire arch cross-section would 
be in accordance with the distribution of moments and thrusts. 

In the construction, lateral stiffmess was not provided for the false- 
work, so the soffit and ribs were cast in five large voussoirs, with narrow 
gaps between; and these large sections were permitted to cure for about 
two weeks before the gaps were concreted. Thus the arch effect was not 
allowed to develop stresses in either the falsework or the soffit slab and 
ribs, until the latter were in place and had gained considerable strength. 
There was also provided, by this method, greater structural strength before 
the actual concreting of the extrados slab (Fig. 5). 8 

Design.—The various theories advanced for the analysis of a skew 
arch have until recently failed to provide for transverse moment and shear 
and the consequent non-uniform distribution of stress along the abutment 
face. The result has been that there have been several failures of such 
structures and therefore a general distrust in the structural integrity of a 
skew arch. A more advanced treatment is given by Prof. Rathbun.* While 
not willing to subscribe to Prof. Rathbun’s conclusion (that for skew 
arches loaded vertically and symmetrically the analysis can be made as for 
a right arch of span equal to the skew span), the writer finds much of 
value in the paper. 

The effect of torsion on a cross-section of a skew arch may also be 
found in a right arch which is loaded unsymmetrically across its width. 
Such is the case of a double-track railroad bridge with only one track 
loaded. Such effect is neglected in ordinary design of right arches, 
although for some cases this should be studied. No published theory is 
at hand to make such a study. 

Torsion on a cross-section of an arch is of interest because it involves 
an action on which we have little or no test data. It is believed there is 
more justification for dependence upon the tubular cross-section than upon 
the thin, slender cross-section of a golid barrel arch, in the light of our 
present knowledge of such sections under torsional strain. The latter form 
of section is not only a poor form for torsional stiffness, but is also sub- 
ject to bending tranversely across the bridge for all distributed loadings. 

The bridge was analyzed as a skew arch, fixed at the abutments. The 
span was cut at the crown parallel to the abutment and the half-span 
analyzed as a curved space surface. Linear and angular deflections at the 
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crown were determined for each half-span and equated. Investigations 
were made for loadings symmetrical about the roadway center line, hence 
only four equations of condition resulted, involving the four unknowns— 
horizontal thrust, transverse shear, and bending about the two horizontal 
axes. 

Disposition of the torsional stresses was done by means of the formula 
for a hollow rectangle reduced from the analysis by Saint-Venant. The 
writer would not feel justified in applying a similar analysis to a long, 
slender cross-section of a solid barrel arch. 

The soffit slab was increased in thickness in the region of the abut- 
ment at the obtuse angle of the span, to provide for the large compression 
at that place (Fig. 4). 

Keyways were constructed in the abutment seat to provide against 
the tendency to slip along the abutment because of the transverse shear 
(Fig. 6). Steel bars were embedded in the abutments at the acute angle 
of the span, to provide for the tendency of the span to lift up, and pull 
away, from the abutment seat in that region (Fig. 6). Computations 
were made to determine the stresses in the cross-section of the ribs be- 
cause of torsion. Investigation was also made into the stresses in the 
various panels of arch slab between ribs, due to the same torsional moment. 

The analysis showed the need for a large amount of tranverse steel to 
provide against the diagonal tension arising from the torsion on the span’s 
cross-section. The amount of this steel was greatest in the central bay of 
the arch slab; and each succeeding bay required less. The variation of 
shearing stress along the cross-section of the arch was taken as the ordi- 
nates to a parabola whose middle ordinate was at the center of the central 
bay and equal to the stress at that point, and whose curve cut the out- 
ward corners of the cross-section with zero ordinates. Torsional shearing 
stress in the ribs was computed to be proportionate to the distance of the 
rib from the center of the cross-section, but the stress in the outer rib was 
determined as for a hollow rectangle, from the application of Saint- 
Venant’s analysis. The steel in the arch slabs for resisting torsion was 
placed at right angles to the roadway. For combined torsional shear and 
local bending, the working unit stress was limited to 16,000 Ib. per sq. in. 
(Fig. 7). 

CONSTRUCTION. 

Abutments.—The construction of the west abutment was attended with 
no unusual features. Rock of good quality was found close to the spring- 
ing level. Irregularities were easily cut into the rock to resist sliding and 
rotation in the various directions indicated in the design. SBorings failed 
to disclose a condition in the rock surface at the site of the east abutment. 
Rock was anticipated and found about 50 ft. below the street level or about 
35 ft. below low water. The rock surface fell away in the manner shown in 
Fig. 8 so that a thrust bearing was not available. 

A careful examination was made of the rock surface to determine its 
formation and soundness. It was found to be a fair quality of granite 
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bordering on gneiss. It was decided to anchor dowels into the ledge and 
cap it with the concrete of the abutment; 9-ft. 114-in. square dowels were 
used for this purpose. Holes 3 in. in diameter were drilled spaced from 
18 in. to 3 ft. each way, depending upon the location. The holes were 
sloped downward toward the front (Fig. 8). Along the upper shelf ver- 
tical holes were also drilled for dowels. The bars were grouted into the 
holes for half their length. This work is shown in Fig. 9 which is a 
photograph looking down into the excavation. The rock ledge was care- 
fully cleaned and washed before placing the concrete of the abutment. 


FIG. 8.— SCHEME OF ANCHORING, EAST ABUTMENT. 


Although the dowels were ample to prevent slipping and rotation, it was 
the writer’s desire to get also a good bond to the ledge, which, it is 
believed, was accomplished. The dowels were designed to work at about’ 
5,000 Ib. per sq. in. to prevent a cleavage from the rock. 

Centering.—The nature of the bottom of Chester River was such that 
lateral stability of piling was not possible. The contractor chose to adopt 
the writer’s alternate of casting the arch in voussoirs rather than con- 
struct a system of lateral struts to brace the piling. The centering, there- 
fore, did net differ from the usual centers for a right arch. An open 
channel was maintained at the center of the span by heavy I-beams span- 
ning from a bent on one side of the channel to one on the other (Fig. 10). 
The beams were bridged to prevent overturning. No attempt was made to 
procure a simultaneous striking of all parts of the centering. Instead, the 
removal of wedges accompanied the lowering and removal of the sheathing 
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and was in progress over about three days. The operation commenced at 
the crown and progressed both ways. 

Concrete.—It was desired to obtain an exterior finish in which the 
aggregate would be revealed. Care was exercised therefore in the selection 
from commercial supplies submitted by the contractor. A river gravel 
locally obtained was finally selected. As to appearance it was predomi- 
nantly buff, with shades of colors interspersed, running out to deep pur- 
ple, dark red, brown and black. The color mixture was quite uniform. 
This colored aggregate did not add any extra cost to the structure (Fig. 


FIG. 9.—DOWELS BEING GROUTED INTO ROCK LEDGE, 
Viewed from back of abutment facing arch, and looking down. 


13). Preliminary tests had been made on concrete using this aggregate 
prior to concreting operations, and from these a proportion of 1: 2.33: 3.84 
had been determined as the one assuring 2,000-lb. per sq. in. in 28 days, 
when placed at the consistency required in the arch members. The con- 
crete in the abutments was in the proportion of 1: 3.5: 5.75. Sound clean 
stone removed from the old masonry abutment were placed by the derrick 
into the concrete mass of the abutment to an amount of about 35 per cent 
of the entire bulk of the abutment. The back slope was formed by laying 
up stones in layers as the concrete proceeded. The abutment concrete was 
sufficiently dry not to bulge the stones thus placed out of position, 
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Concreting.—The procedure in casting the arch was, first, to cast the 
soffit arch slab; second, the intermediate ribs; third, the outside ribs to- 
gether with the spandrel walls; fourth, the extrados slab. Then followed 
the completion of the deck structure over the haunches. 

The soffit slab of the arch was cast in five sections, the sections sep 
arated by openings 1 ft. wide extending the full width of the barrel on 
lines parallel to the abutment face (Fig. 5). A tongue-and-groove joint 
was made between each section of the arch and the concrete subsequently 
to be placed in the 1-ft. opening. The span of the arch was divided up 


Fig, 10.—CENTERING STRUCK. STRUCTURAL DECK IN PLACE. FINISHING 
WATER-TABLE IN PROGRESS. 


into 18-ft. sections adjacent to the abutment, a crown section 70 ft. long, 
and one intermediate section on either side of the crown section 27 ft. 
long. The abutment sections were cast first, then the crown section and 
lastly, the intermediate sections, the concrete being placed on June 10 to 18, 
inclusive. The next step was the concreting of the four intermediate ver- 
tical ribs of the arch. Openings extended vertically upward through the 
ribs at points directly over the 1-ft. openings in the soffit slab (see Fig. 5). 
Concreting of the ribs was done between June 21 and June 28. During the 
process of concreting the soffit slab and ribs the centering was carefully 
watched by means of telltales for movement or settlement. The amount of 
movement for settlement actually obtained was negligible. 
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On June 29 the openings in the soffit slab and intermediate vertical ribs 
(Fig. 5) were concreted. As has previously been described, it was feared 
that the dead-load of the bridge during the various stages of conereting 
would cause settlement in the centering and thus introduce premature skew 
stresses in the arch which the centering would be unable to resist. The pro- 
cedure adopted achieved the placing of the dead weight of the soffit slab 
and intermediate ribs without the development of a skew thrust and then 
when closure was actually made the additional dead weight in effecting the 
closure was not sufficient to disturb the equilibrium of the centering. It 


FIG. 1]1.—RIBS AND EXTRADOS SLAB CONSTRUCTION. 


will be noted that the soffit slab concrete was two weeks old at the time 
of closing the joints and that the arch centering had been well tested for 
rigidity by the concreting operations up to that time. 

The next operation of concreting consisted in the casting of the out- 
side spandrel walls from the bottom of the chamfer to the underside of 
the water-table and for the full length of the spandrel. Since these walls 
were to have the exposed surface scrubbed to reveal the aggregate, care was 
exercised in maintaining as nearly as possible a uniform consistency and 
thorough mixing. Ramming of the concrete in the forms was permitted in 
the center of the mass rather than next to the face of the forms. The 
following day the exterior forms were removed and scrubbing was begun 
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at once on the green eoncrete, using steel bristle brushes. The conereting 
of the spandrel walls was done on June 27 and 28. ‘ 

The next operation was the concreting of the top slab or extrados 
slab of the arch which was accomplished on August 2 to 5, inclusive. Up 
to the time of this concreting operation, no great amount of dead weight 
had been added to the centering subsequent to the closing of the joints in 
soffit slab and intermediate ribs. The concrete in the soffit slab was now 
six weeks old and the concrete in the intermediate ribs and the various 
joints was one month old. Any distortion of the centering due to further 


FIG. 12.—cOMPLETED ARCH RING, VIEWED FROM EAST ABUTMENT, 


loading by additional concreting would be distributed and considerably 
resisted by the soffit barrel and intermediate ribs, which members had 
acquired a strength of 2,000 Ib. per sq. in. or more. 

The concreting of the top slab of the arch was done in five sections, 
similar to the concreting of the soffit slab. No narrow joints were left, 
however, in this operation but the succeeding sections were cast against 
the preceding ones. On the conclusion of this operation the appearance of 
the structure was that shown in Higee 2. 

The next operation consisted in placing the roadway deck over the 
haunches, thus completing the structural deck or floor of the bridge. This 
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was followed by the construction of the water-table (Fig. 10) followed by 
sidewalks, pavements and balustrade (Fig. 13). 

The casting of the spindles of the balustrade is worthy of mention. 
A set of iron molds was procured at an early stage of the bridge construc- 
tion. Hach day thereafter the molds were filled and on the following day 
they were opened and the green spindles removed and the molds refilled. 
The spindles were not reinforced. The molds were filled with concrete 
mixed quite wet so as to insure the thorough filling of all portions of the 
mold. Dry coarse aggregate was then rammed into the mold a little at a 


FIG. 13.—HAND RAIL DETAIL. 


time and any excess water or grout was allowed to overflow the top of the 
mold. This continued until no additional coarse aggregate could be 
rammed into it. ‘The top of the mold was then struck off and several 
thicknesses of newspaper were laid over the top on which was piled pre- 
viously dried sand. Moisture began to be drawn by the capillarity of the 
paper, the sand serving as a reservoir for moisture thus drawn. When the 
sand became quite wet it was scrapped off without disturbing the news- 
paper and replaced by dry sand. This continued until the drawing of the 
moisture practically ceased. This is a method the writer learned from 
John J. Earley. The concrete resulting from such a procedure has a maxi- 
mum of coarse aggregate and sufficiency of binding material and at the 
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moment of final set of the concrete has a minimum of water present in the 
mass. It develops a surprisingly strong concrete, equivalent to that ob- 
tained at the high point of the Abrams water-ratio curve. The process 
insures a rapidly acquired strength at the end of the first day and since 
there is a maximum of coarse aggregate there is practically no shrinkage, 
hence no cracking of the spindles at the minimum cross-sections. 


EXTENSOMETER MEASUREMENTS. 


It was the writer’s desire to watch the stresses in the various parts 
of the arch as construction proceeded in order to detect, if possible, any 
serious stresses in the arch ring. Fig. 14 shows in plan the scheme of 
measurements, all of which were taken on the steel reinforcement. One 
complete set, as shown in Fig. 14, was taken in the top face of the soffit 
slab; a second set on the lower face of the extrados slab and a third set 
on the upper face of the extrados slab. By such-means it was desired to 


Scheme of Arrangement Series 100 Jn top face of lower barre/ 
Series 200 Jn bottom face of upper barre/ 


° 
“ cues : 
10" Strain-Guage Lines Series 300 Jn fop face of upper barre/ 


FIG. 14.—SCHEME oF STRAIN-GAUGE LINES, 


determine the longitudinal and transverse stresses across the crown cross- 
section and across a section adjacent to each skewback. Measurements 
began just before the joints in the soffit slab and ribs were concreted, such 
measurements forming the datum for al] subsequent readings. 

The first conclusion from the strain-gage measurements is that the 
stress increased during construction but at no place to any serious extent. 
The second conclusion is that the temperature variation plays a very im- 
portant part in the stresses in such a structure. In fact, temperature 
variation was at many points on the arch more important in effect than 
the striking of the centers of the arch ring. 

Although many factors influence the strain-gage measurements they 
nevertheless show the existence of tension in the arch ring at the abut- 
ment face in the acute angle of the span, This is further evidenced by a 
minute hair crack in the spandrel wall between the soffit and extrados slabs 
close to the abutment face. The details of the strain-gage measurements 
are shown in Fig. 15, 
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FIG. 15(A).—STRESSES MEASURED IN REINFORCEMENT IN SOFFIT SLAB 
DURING AND AFTER CONSTRUCTION. 
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CONCLUSION, 


The useful conclusion to be gained from the experience with the bridge 
herein described is that the particular skew structure developed sufficient 
torsional moment and oblique shear to develop tension in the acute angles 
of the span and that such tension was forecast by the mathematical analy- 
sis preceding the design. While the strain-gage measurements offer no 
accurate quantitative check on the anticipated stresses they nevertheless 
gave qualitative proof of the forecast given by the mathematical analysis. 
It seems probable to expect that had the structure been designed as a right 
arch but having the span of 160 ft. the result would have been a collapse 
of the arch. 

The writer particularly desires to point out the need for further study 
of wide cross-sections subject to torsion, especially a section of the kind 
obtained in a solid barrel arch. That such a cross-section will not remain 
rectangular but will curve considerably under a distributed loading over 
the arch would indicate a further need for investigation of thin solid 
barrel skew arches. 
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APPENDIX 


The design of the bridge described in this paper follows the analysis of 
a barrel whose cross-section is not likely to bend laterally. In this respect 
it differs considerably from a thin barrel, which is subject to lateral bending 
or curling under loads placed between the center-line of the roadway and the 
spandrel wall. 


The following notation will be used (see Fig, 16): 


FIq@. 16 


= any point on the center-line of the barrel, designated by 
the co-ordinates «, 1 nia 

area of cross-section at P on radial plane parallel to the 
Z-axis, 

a vertical load on the arch barrel, having co-ordinates 
M1, Yi, and 1. 

uniform live load per square foot of roadway. 

= ratio of modulus of elasticity in tension and compression 
to that in shear (#/@), 

tangent of angle of skew, measured as the angle between 
the center-line and a normal to the abutment face. 

(392) 
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p 

I; 

I; 

F 

kK 

Iz, Iy, Tz 
Mz, My, Mz 
Tua, Tra, Tza 


Mua, Moa, Mza 


Cr C2, etc. 


tl 


I] 


angle between vertical through crown and radial line 
through P, measured parallel to plane X, Y. 

moment of inertia of area A about horizontal axis (parallel 
to Z-axis). 

moment of inertia of area A about radial line through P. 

torsion factor for area A. 

shear factor for area A. 

components of crown thrust in the directions X, Y and Z, 
respectively. 

moments at the crown about the axes X, Y and Z, respec- 
tively. 

components of abutment thrust in the directions U, V and 
Z, respectively, for the skewback. 

moments at the abutment skewback about the axes U, V 
and Z, respectively. 

axis formed by radial through P. 

axis normal to U parallel to X — Y plane. 

co-ordinates of crown centroid, referred to the U, V axes. 

length of span measured parallel to X. 

Width of barrel measured parallel to Z. 

coefficients, as defined later. 


Ly, Lz, etc. = load terms, as defined later. 


Considering an unsymmetrical arch, unsymmetrically loaded, the equa- 
tions of condition are as follows: 


CTs + CoTy + CsT2 + CiMz + CsMy + CoM, = —L, | 

CoT, + CiTy + CsTz2 + CoMz + CioMy + CuMz = —L» 

C3T 2 + CsTy + CeTz + CrsMz + CuMy = —L; ie Eg. (1) 
Cule + Coby + CuTz + CicMz + CrurMy cara 

CsP's + CroPy + CuTe + CurMa + CrrMy meiathy | 

Cele + CuTy + CyMz = —I[, 


The left-hand portion of the equations are dependent only upon the 
form and nature of the arch, while the right-hand terms are dependent upon 
the loads applied. The coefficients C,, C2, etc., and the load terms I, Lz, 
etc., will be defined later. 

If the arch is symmetrical, but the load arrangement is unsymmetrical, 
there will be a cancellation of certain terms, resulting in the following: 


CT =P C3T 2 ae CM; ae C;Mz ae —I 


CiTy + CyMy = —In 

CsTz + Cals + CisMz eee | 1 PR aac ear setae (a Eq. (2) 
C4Tz + CT2 + CicMe = —ly4 

CroTy + CioMy ia | 


CT's ar CuMz 


394 THE DESIGN AND CONSTRUCTION oF A SKEW ARCH. 


A special case of Mquation (2) is that of a right arch with loads placed 
unsymmetrically both longitudinally and laterally. The equations for this 


special case follow: 


CiT2+ CoM, = —L,} 
CT, = —In 
ite here High a1 Saaae ammn rE S Eq. (3) 
CisT2 + CiwMz = —I, 
CypMy = —Ls P 
CuMz = —ly 
from which may be found 
—Cicli + CoLe 

op a uA LEO nea, eae ee Eq. (4 

Zz CONGR q ( ) 

Ly , 
T, — Oe siahiavedey airs Wveteh aiteital aWeteagal eciertn fay eRe 4 OR EY ae eras iE q. (5) 
1, = ai Ose fecha Luk ie) rr Eq. (6) 
12 
_ Cbs + Crls A 
M; = ECE CICR Os Sepia eho Biteisi-, ‘a; a°\ ee vel a's shlah} sives.che) sate e) ons Ren ees ees aenene Eq. (7) 
- 
My, = (GREY coat Rei P SR UEI  rytulhodisSn T 6 yes Eq. (8) 
Mp ee es Eq. (9) 
21 


In using Eqs. (4) to (9) it should be borne in mind that the curling effect 
across the arch is not considered in these equations. 


Returning now to the skew arch, Eq. (2) may be simplified for the case 


of the symmetrical arch symmetrically loaded. 


conditions of skew arch design: 


Gil, + CsTe + CsMz + CoMz 
(ORS + CT. + CyMz 

CaTe + CraTz + CieMz 

CVs + CuMz 


ll 


These equations cover most 
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Eq. (10) 


The coefficients for the left-hand terms of Tigs. (1), (2), (8) and (10) are 


as follows: 


CO, = (cosdds d Ae Kosinrods {& . fuses » { xsin?dds 
{ a Way es foe mes Ferner aes P 
Ge fA easens es vfs nb 008 $ ds - f2e +e [Ess cosg ds 
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Crs -<f* ee asi afe we ds 


2 


CG; =e fPSn Oreo _ g fEmgoses 


I; 
Cy = f POPE pa femres 
C= fe ya pamees (ee +e fames 
a 
pee — ef BEE pa fares 
Cone f FF + ON 
8 yal ba 
C5— fe + fos wds 


Cate — fats pa feees 


2 
poo ee u sin > ds 
Cn = ee 


Cre — 0 
is sin? & ds cos? @ ds 
oie canes 
ars f= cos pds _ f= $ cos ¢ ds 
Oy ip F 
Ora — 0 
Cae (ee ¢ ds we a feeee 
Coo = 
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The first term in equations for C1, C, and C7 applies to rib shortening; 
the second term applies to shear detrusion in a radial direction; and the first 
term in the equation for Cy» provides for detrusion in the Z direction. The 
detrusion terms may be omitted where the unit stress is low, but the rib- 
shortening effect should be included for flat arches or for cases in which unit 
stresses are high. 

The detrusion terms include the factors m and m. Since shearing stress 
is not distributed uniformly over a cross-section, detrusion computations 
based on average stress must be multiplied by a corrective factor to account 
for the variation in stress. For a rectangle, x = 6/5; and for a hollow 
rectangular section, x is approximately equal to the area of the cross-section 
divided by the area of the two sides parallel to the direction of shear. 

The torsion factor F must be used in place of the polar moment of inertia 
when the cross-section is not circular. Ina rectangular section the shearing 
stress varies along the boundary lines as ordinates to a parabola; hence for 
such a shape the maximum stress is at the center of the longer side. Accord- 
ing to St. Venant,! for a solid rectangle with sides a and b, 

3b%d3 


F aa 10(b? + a2) epuyerlayie Tahhsrefel eke stelle) = lakate tame c mae (11) 


From this an approximate formula for a hollow rectangle can be developed: 


peace te: pe S| 
VIP Te A +a 


In the present design, the detrusion terms were included. Computations 
were made to determine the effect of rib-shortening upon the results, also the 
effect of omitting all terms involving J. and lateral detrusion. 

The six loading terms may be readily set up for any desired load arrange- 
ment. For a concentrated load W at the point x, 2: 


In = CW = CW + CsWa, | 
In => Crw a CyoWa + CuWay, 

Lz CsW =< CyaWa, 

iA x C.W RS Cun 2 :S)\8. ele Jeg ORs raphe palsiaver sti eoe tienen 
L; = CiroW — CuiWa, | 

Ls = CuW aia CyuWay 


In evaluating the coefficients in the foregoing equations the limits of 
integration are the abutment and the load. The equations (1), (2), (3) or 
(10) are combined with Equation (13) for the loaded balf of the arch, the 
former having been applied to the entire span. 

The loading equations for a distributed load, such for instance as the 
dead load, are as follows: 


1 Todhunter and Pearson, “History of the Theory of Elasticity,” Vol. II, pt. I, 
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vi. Mpz xsin¢cos ¢ds — a f Me x sin } cos ¢ ds 
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D sin? ¢ ds D 2 hd M 
In = fees rf K2 COS fa) s DX ads 
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Fe f= sin? ds fe TN cos? ds 
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a a — xf Mozsin gene 9 ds 
Ts F 
|e Mpx ds 


— @ 


Ea. (14) 


in which D is the vertical load between any point P and the crown section, 
Mpx is the statical moment of D about a line through P parallel to the Z- 
axis, and Mpz is the statical moment of D about a line through P parallel 
to the X-axis. 
If a vertical uniform load of w lb. per sq. ft. is placed over the half span, 
the loading terms in Eq. (14) may be used by substituting 
bw2? bwe? _ bwx? 


bwx = D Ro wet DX Shoe Cl eMin7 son) Eq. (15) 


Temperature loading terms for the half span are as follows: 


Li ltcH Ly = Ly = Ls = Let 39 Vs aR ae ick CoN rele Eq. (16) 
Lz = eltcH \ 


in which c = coefficient of thermal expansion and £ is multiplied by 144 if 
1 is in feet. These equations do not provide for the secondary effects of 
volumetric change. 

Analysis was made of Ninth St. bridge for stresses under dead load and 
a live-load of 150 lb. per sq. ft. of deck. No allowance was made for the 
unequal stresses due to the sequential operations of construction, because 
these effects could not be evaluated. The results, including the effects of 
thrust and shear, are as follows: 


T, = 3,146,000 lb. (Thrust) 

T, = 1,054,000 lb. (Oblique shear) (17) 
Ret —2. 770,000 ft Dew Orelon yt ya ef is os alain 
Mz = 9,250,000 ft.-Ib. (Bending about Z-axis) | 


all of which apply to the crown section. The resultant thrust has an eccen- 
tricity of 2.94 ft. upward. 
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The stresses on the U-Z plane at the abutment are as follows: 


TE 4,270,000 Ib. = Thrust. 

Maa = — 36,850,000 [t.-lb. = Moment about Z-axis, | (18) 
Mua = 133,300,000 ft.-lb. = Moment about U-axis. | 

Mva = 12,900,000 ft.-lb. = Torsion about V-axis. 


The thrust line cuts this plane at a point 9.2 ft. below, and 31.3 ft. to the right 
of, its center (toward the obtuse angle of the span). 

It is not uncommon, in right-arch design, to omit the ‘rib-shortening 
effect from the computations. The effect of so doing on skew arch analysis, 
however, is quite different than on ordinary arches, as the following results 
for the crown section show: 


Tz = 3,439,000 lb. (Thrust) 

Tz = 1,284,000 lb. (Oblique shear) 

Mz = —2,165,000 ft.-lb. (Torsion) | Rpt aie ata eee Eq. (19) 
Mz = 8,730,000 ft.-lb. (Bending about Z-axis) 

@€ = 2.54 ft. above. 


These results show an increase in forces, and a decrease in moments over 
Eq. (17). The effect of the rib-shortening is, therefore, the reverse of these 
differences. It is important, in considering time-flow of the concrete under 
load to note this effect together with the following, for the abutment section: 


a 4,525,000 lb. = Thrust 

Mza = —83,700,000 ft.-lb. = Moment about Z-axis _.. Eq. (20) 
Mua = 136,000,000 ft.-lb. = Moment about U-axis 

Mra = 10,330,000 ft.-Ib. = Torsion about V-axis | 


The thrust line cuts this plane at a point 7.44 ft. below, and 30.1 ft. to the 
right of, the centroid. 

Transverse shear deformation is of importance in the case of a long span 
with large angle of skew. The effect on the stresses in the present analysis 
may be seen by comparing the following results at the crown obtained by 
omitting the transverse shear term, with Eq. (17) which includes such term: 


Tz = +4,305,000 Ib. (Thrust) 

Tz = +8,228,000 lb. (Oblique shear) 

Mz = —3,516,000 ft.-lb. (Torsion) >’ 29s Sierras eae Eq: (21) 
Mz = 7,090,000 ft.-Ib. (Bending) 

e€ = 1.65 ft. above } 


Since 7, is large when compared with 7, the term involving J, is usually 
much smaller than that involving [;. If the present design, however, the 
value of J; is much larger than for an ordinary arch barrel and the J. 2 terms 
are more important. If these terms alone were dropped their effect can be 
seen by comparing the following with Eq. (17): 
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T, = 3,090,000 lb. (Thrust) | 

Te = 6264, 000'1b. ss (Oblique hear). tka Bat (22) 
M, = —868,000 ft.-Ib. (Torsion) 

M,z = 8,350,000 ft.-lb. (Bending) 


The large reduction in the torsional moment and transverse shear, indicates 
the undesirable effect of omitting the J, terms. 

Temperature stresses were computed for the fully loaded structure. 
Since the average temperature when concreting the arch would be about 
80 deg. F., a range was chosen with a drop of 60 deg. and a rise of 10 deg. from 
that temperature. The results for the crown section follow: 


Drop of 60 Degrees Rise of 10 Degrees 
Tr = — 3,298,000 Ib. -+4,193,000 Ib. 
Tz = — 6,886,000 Ib. 429348 000 Ibs si vile. 2o (23) 
Mz = — 9,150,000 ft.-Ib. — 1,850,000 ft.-lb. 
M, = +20,820,000 ft.-Ib. +-7,420,000 ft.-Ib. 


Tension area 


Compression area 


FIG. 17.—EFFECT OF TEMPERATURE ON POSITION OF NEUTRAL AXIS AT 
ABUTMENT SECTION. 


These results should be compared with Eq. (17), whence it will be noted 
that the stress variation due to winter temperatures is probably the most 
severe condition to be imposed on the structure. It is true that there is a 
lag in the rate at which such a structure will achieve atmospheric tempera- 
ture and therefore a duration of perhaps a week of near-zero weather will be 
necessary to bring the average temperature of the arch down to 20 deg. F. 
This is possible, but the likelihood of continuance is rare. Nevertheless, such 
a condition was provided for in the design. 


The abutment section was similarly analyzed with the following results: 


Drop of 60 Degrees Rise of 10 Degrees 
Toa = — 1,575,000 Ib. + 5,215,000 Ib. 
Meza = —105,800,000 ft.-lb. — 25,600,000 ft.-Ib. \ Eq. (24) 
Mua = +243,600,000 ft.-lb +116,200,000 ft.-lb. 


Ma + 38,300,000 ft.-lb. + 8,900,000 ft.-lb. 

Comparing Eqs. (17), (18), (23) and (24) it is seen that the maximum 
torsion at the crown is 9,150,000 ft.-lb., and at the abutment, 38,300,000 ft.-lb., 
both occurring when the arch temperature drops to 20 deg. F. The average 
condition produces a torsion at the crown of about 3,000,000 ft.-lb., and at 
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the abutment, about 15,000,000 ft.-lb. The need of the large amount of 
transverse steel is thus apparent. 

The position of the neutral axis at the abutment section for the three 
cases given in Eqs. (18) and (24) are shown in Fig. 17, each position marked 
by the average temperature producing it. The torsional moment and oblique 
shear on the section are to be added in analyzing the stress condition. It is 
possible to obtain from Fig. 15 a fair idea of the measured stress distribution 
on this same section. It would appear from these measurements that the 
upper right-hand corner lies in the vicinity of the neutral axis. Measurements 
at the lower left (gage lines 101-2) are less definite because of accumulated 
construction stresses. It is hoped subsequent measurements will throw 
further light on temperature and time-flow effects. 


DiscusstoN.—CHESTER River ArcH BRIDGE. 


Puin J. MARKMANN.—The successive methods considered and described 
for the design of a skew arch bridge over the Chester River, Chester, Pa., Marlonane: 
have finally led the designer to a design in which the roadway is supported 
by 6 arch ribs, 4 intermediate ribs of I cross-section and 2 end ribs of chan- 
nel cross-section, running parallel to axis of roadway and having a clear 
span of 160 ft. between abutments oblique to the roadway at an angle of 45 
deg. (so assumed in this review). It may reasonably be assumed that all 
dead weight of the concrete structure, all the superimposed roadway pave- 
ment and all the superimposed live load is conveyed to the abutments along 
paths lying in the direction of these arch ribs. 

There are 4 intermediate full units and 2 end arch ribs, assumed, for 
expediency in this review, as half units. Each intermediate unit, as de- 
signed, carries 


Concrete weight ..... 867,000 Ib. 

Pavement weight ... 62,000 Ib. (figured at 35 lb. per sq. ft.) 

IDO IOEG! Sts o.oo bE OC 161,000 Ib. atau Ones caer tes 
ho baller 7 term wept 1,090,000 lb. 


thus bringing 545,000 Ib. to the abutment of each rib. The distribution 
over the 160-ft. span is shown in “Longitudinal Section A-A.” The normal 
total compressive stress on the arch rib next to the abutment is approxi- 
mately 1,424,000 lb. The horizontal component of this thrust at the abut- 
ment, in line with the axis of the rib (and, therefore, the crown thrust 
also) is approximately 1,315,000 lb. The horizontal thrust at the abut- 
ment resolves itself into two components, one normal to the abutment face 
and the other along the abutment wall. Under the assumption of 45 deg. 
skew, these components are each 930,000 lb. (see Plan A). 

In “Plan B” the 4 full and 2 half units are summed up and give: 
6,575,000 lb. as the total horizontal thrust against each abutment; 4,650,000 
Ib. as the total resisting component normal to the abutment; and 4,650,000 
Ib. as the total resisting component in line with the abutment. 

“Plan ©” shows the horizontal forces and the reactions to them for a 
bridge with right angle abutments of the same clear span. The load sup- 
ported by each arch rib, the span, the rise of the arch, the cross-sectional 
area at abutment and crown, the compressive stresses at abutment and. 
crown, and the horizontal reactions to each rib are identical with the 
respective quantities of the same rib between skew abutments. Each arch 
rib in this bridge demands a normal reaction by the 11-ft. long abutment 
of 1,315,000 lb. while the normal reaction by the 151% ft. long abutment, 
in the case of the skew span, is only 930,000 lb. There is no lateral com- 
ponent of the thrust in the right angle bridge and, therefore, no length- 
wise reaction by the abutment wall is called for. 

The arch in the right bridge is just as strong as the same arch in the 
skew bridge, provided the 11 ft. long abutment has about 42 per cent more 
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strength than the 151% ft. long abutment of the skew bridge, with respect 
to shear resistance, overturning moment and width of base. The hori- 
zontal reactions to the thrusts, in the case of the right bridge, are shown 
in “Plan C.” A cross section of the arch rib, normal to the arch axis, is 
shown by Section a-« at bottom of diagram. In the case of the right 
bridge this normal section is right-angled, but of the same area. 


The cross sectional area of the arch rib is 31 sq. ft. at the abutment, 
and 1,424,000/31 — 46,000 lb. per sq. ft. or 320 lb. per sq. in.; the cross 
sectional area of the arch rib is 25 sq. ft. at the crown, and 1,315,000/25 = 
52,600 lb. per sq. ft. or 366 lb. per sq. in. These are the respective unit 
compressive stresses, if the “line of pressure” would pass through the mid 
axis of these cross sections. 

The section modulus of the plain concrete cross section, near the abut- 
ment, is 75 (in ft.). The direct pressure is 46,000 lb. per sq. ft. A bend- 
ing moment causing an extreme fibre stress of f — 46,000 Ib. per sq. ft. 
would reduce the concrete stress on the tension side to zero, and would in- 
crease the stress on the opposite side to 46,000 plus 46,000 = 92,000 lb. 
per sq. ft. or 640 lb. per sq. in. The moment corresponding to extreme 
fibre stress f = 46,000 lb. per sq. ft. is M=fXS = 46,000 75 = 3,450,000 
ft. Jb. The eccentricity of the 1,424,000 lb. pressure, is, therefore, for this 


bending moment, 
3,450,000 


—— = 2.42 ft. 
1,424,000 
The steel in the flange (eleven 34-in. dia. rods = 4.84 sq. in.) stressed at 
20,000 lbs., with a jd = 6% ft. furnishes an additional moment of 4.84 x 
20,000 Ib. & 614 ft. — 639,000 ft. lb., so that the total resisting moment 
is 3,450,000 plus 639,000 = 4,089,000 ft. Ib., permitting a total eccentricity 
of : 


(7 


4,089,000 
e, = ————— = 2.87 ft. 

1,424,000 
The section modulus of the plain concrete section, at the crown, is 28 
(in ft.). The direct pressure is 52,600 lb. per sq. ft. A bending moment 
causing an extreme fibre stress of f = 52,600 Ib. per sq. ft. would reduce 
the concrete stress on the tension side to zero, and would increase the 
stress on the opposite side to 52,600 plus 52,600 = 105,200 Ib. per sq. ff. 
or 735 lb. per sq. in. The moment corresponding to extreme fibre stress 
f = 52,600 lb. per sq. ft. is M=f K S = 52,600 K 28 = 1,470,000 ft. Ib. 
The eccentricity of the 1,315,000 lb. pressure is, therefore, for this 


bending moment, 1,470,000 


e, = ————_ = 1.12 ft. 
1,315,000 
The steel in the flange (eleven %4-in. dia. rods = 4.84 sq. in.) stressed at 
20,000 Ib. with a jd= 3.15 ft. furnishes an additional moment of 4.84 < 
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20,000 lb. X 3.15 ft. = 302,000 ft. lb., so that the total resisting moment is 
1,470,000 plus 302,000 = 1,772,000 ft. Ib., permitting a total eccentricity of 


1,772,000 
e', = —————_. — ].35 ft. 
1,315,000 
2.87 
The permissible eccentricity near the abutment (e', = 2.87 iG5)) 1h 
8 


= 36 per cent of the depth of the arch rib, and at the crown (e',=1.35) is 
1.35 
——— = 32 per cent. of the depth of the arch rib. 
4.25 

These computations show that the arch rib, at_the springing line and 
at the crown, has the required strength to resist the respective pressures 
having an eccentricity of as much as approximately 14 of the respective 
depths of section. 


A positively beneficial feature of the design is apparent from the 
following reflection: The arch ribs are not individually flanged, the flanges 
are continuous and monolithic over all 6 ribs. If the 4 intermedi- 
ate I ribs are carrying equal live loads, the flange width of each would 
naturally be 11 ft. However, if one of the 4 ribs under the roadway should 
have a particularly heavy live load, while the adjacent ribs have light live 
loads, or none at all, the heavily loaded rib would automatically engage 
a flange width greater than its quota of 11 ft. because the adjacent ribs 
do not need all of their quota. This will increase the strength of the 
heavily loaded unit and will approximately equalize the stresses (and with 
them the deflections) of the 3 arches of this group. Diaphragms (cross 
ribs between webs of arch ribs), shown in “Plan B.” would be desirable to 
distribute unequal live loads between affected ribs, but in view of the above 
explained stress equalizing ability of the ribs themselves are not con- 
sidered so essential. 

The writer calls attention to the thrust components acting along the 
abutments in the skew bridge as shown for the ribs individually in “Plan 
A,” and for the whole bridge in “Plan B.” There is little, if any, doubt 
that each abutment, as a whole, will have a longitudinal strength adequate 
to resist the whole shear of 4,650,000 Ib. acting toward the acute angle 
of the span, in each abutment. (Each abutment, as a whole, has also to 
resist a shear of 4,650,000 lb. acting normal to its face.) When we look 
at the acute angle of the span we see that the shear by the end rib, along 
the abutment (465,000 lb.), will in all probability put a tension into 
the abutment wall back of it, as there does not seem to be a sufficient 
body of the abutment ahead of it (toward the face of the bridge) to resist 
this component of the thrust by the end rib. A longitudinal steel rein- 
forcement tying the end portion of the abutment hack into the body of this 
abutment would seem to be indicated. 
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ai ree yale minigrmniens 
cae eas le tee we and the line of pressure”) may 
Sicha ae ON eee a bars in either flange) to be put into 
mie. SN p oe fy a distance of about 25 to 30 ft. from 
it in this length), tl ee 3 iis e ba aa as ae ee nob adectng 
era fl au ay : oe pressure in this vicinity pallor likely 
ae ote ea Sp oe a aie ed compression in its upper 
part. This may erat for a a at ad coe he py 
sion in the arch ring at 
the abutment face in the acute angle of the span” (see bottom p. 388) 
rather than “a reversal of horizontal and vertical reaction from compression 
to tension” (see bottom p. 375). 
~ Conclusion —If this bridge were built as two separate concentric arch 
rings, assuming the upper ring to be a true arch just like the lower one, 
with isolated columns or struts between the two rings to make the two 
act in unison in supporting the entire load to be carried, then the writer 
could agreé that the problem is that of a skew arch and that the mathe- 
matical formulae assembled in the Appendix may or may not give a correct 
solution. The writer has not taken time to look into the mathematical 
phase of the skew problem and is not in position to make any comment 
thereon. However, the flattening of the upper ring in its middle 90 ft. 
of the 160 ft. span and the introduction of the 6 continuous 18-in. thick 
reinforced-concrete walls parallel to the road axis, between the lower and 
upper (pseudo) ring, has converted the structure into a system of 6 arch 
ribs placed alongside of each other, and bridging the waterway with a 
span of 160 ft. in a direction at an angle with the abutments. The fact 
that these arch ribs are not merely placed alongside of each other, but are 
actually monolithic in their flanges does not alter the type of construction, 
but merely establishes a useful give-and-take system in the co-operation of 
adjacent arches, as has been stated above. There is not a vestige of skew 
arch conditions, torsions, etc., in the problem. 

The writer was anxious to inform himself how this structure, sup- 
posedly computed by the help of the exotic skew formulas in the Appendix, 
would check up when treated in its proper class. It checks out quite well, 
there may be a lot of steel in the mass for supposed torsional and uplift 
stresses which, however, can do no harm. The strength of the arches, 
as such, is there. The arches, however, depend on the sturdiness of their 
abutments to which latter the writer has not given any detailed attention, 
the cross sections of west and east abutments are not recorded definitely 
enough to invite a check-up. : 

S. C. Horrister.—The discussion by Mr. Markmann contains so many 
inaccurate methods of analysis and concepts of structural behavior that 
it cannot be passed without serious reply. The closing paragraphs cou- 
taining his conclusions should be carefully read before proceeding with 
the earlier part of his discussion. 

To begin with, Mr. Markmann “has not taken the time to look into 
the mathematical phase of the skew problem and is not in position to 


Mr. Hollister. 
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make any comment thereon.” Without having done this he concludes “there 
is not a vestige of skew arch conditions, torsions, etc., in the problem.” 
His computations, he says, were made simply because he was “anxious to 
inform himself how this structure, supposedly computed by the help of 
the exotic skew formulas in the Appendix, would check up when treated in 
its proper class.” ts 

Now what is meant by the “proper class” of this structure as he 
conceives it? He believes because (a) the upper ring is flattened for its 
central 90 ft. of length; and (b) six ribs 18 in. thick are disposed parallel 
to the axis of the roadway, that the structure is converted into six sepa- 
rate arches (one rib forming each arch) of 160 ft. span placed on oblique 
abutments. The arches thus formed, he holds, are of two forms of cross- 
section: the outer ones are of channel form, while the intermediate fours 
are of I-section. He contends that these ribs act independent of one 
another, the curved slabs of the arch rings merely providing flanges for 
the webs of the six arches. He then proceeds to analyze the reactions of 
one of these ribs in a very sketchy fashion in his “Sec. A-A” and “Plan 
A.” In his “Plan B” he includes a suggestion of cross-diaphragms to 
assist the slabs in transmitting the loads to the ribs, which, he says, 
really are the carrying members. 

Let us for the moment consider one of the six ribs, which Mr. Mark- 
mann contends are really separate arches. If one of these intermediate 
ribs were loaded as shown in his “Sec. A-A,” there would be a shortening 
of the rib axis due to thrust. Such shortening would be free to take place 
if the “flanges” of the rib in question were freely cut from adjacent rib 
“flanges;” but since they are not, there is necessarily produced a shear 
in these “flanges” parallel to the rib, thus engaging adjacent portions of 
the structure in carrying the load. Furthermore, since the load deflects 
the rib vertically, and because it is rigidly attached to the curved slahs 
above and below, these slabs are thus loaded as are ordinary arch barrels 
by spandrel walls, and they must then behave as arch barrels and not 
simply as free flanges of separately performing arch ribs. 

Mr. Markmann admits in his conclusions that if the bridge were 
formed of two concentric arch barrels connected at intervals by columns or 
struts to cause them to share jointly the vertical arch deflections, then 
the structure would be of skew type; but on top of this admission he 
contends that if these columns are replaced ly walls, though of even 
greater efficiency in tying together (to which he would also add cross 
diaphragms) the two barrels, the structure would no longer be of skew 
type. 

As to the flattening of the central portion of the upper arch slab, 
there should not be question as to arch performance, since in the general 
case an arch may be a rectangular or other angular rigid frame without im- 
pairing arch action; and in fact, Mr. Markmann_ himself considers the 
ribs as arches even though they too are flattened at their centers. 

If the structure were not of skew type, why are there tension cracks 
in the outside ribs at the acute angle only (p. 388) tensile stresses at the 
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acute angles of the span in both slabs (p. 388) non-uniform distribution of 
thrust stresses in top and bottom slabs at the abutment face, (Fig. 15, A); 
stress in the transverse reinforcement (which steel Mr. Markmann says 
does “no harm”) in both slabs at all observed points, (Fig. 15); co-ordi- 
nated behavior as revealed by strain-gage measurements for a considerable 
variation in temperature? None of these could have occurred if Mr. Mark- 
mann’s hypothesis were observed by the structure. One must not impress 
one’s opinions too rigorously against experimental facts, but rather, must 
one sit as a student before the performance of the structure itself. Regard- 
less of hypotheses of both designer and critic, the structure may be relied 
upon infallibly to follow the true laws of mechanics. It is such behavior 
on this skew structure that the writer has endeavored impartially to 
report in the course of his paper. 

Grorce EK. Beees.—As I understand Mr. Hollister’s explanation, he 
feels that it is rather necessary to have a rib with a hollow cross-section 
in order to apply with confidence the mathematical theory to the design. 
I might say that in the analysis of a 30-deg. skew arch in which he used 
the same proportions of skew arch as was tested by the Bureau of Public 
Roads in Washington, Professor Rathbun, of the School of Mines at 
Rapid City, South Dakota, used equations that started out with much the 
same assumptions as has been shown on the screen. This same arch was 
tested by experiments at Princeton to determine experimentally what the 
reaction components would be for any position of load. Then the com- 
parison of the mathematical analysis was made with the experimental 
analysis, and the agreement was found to be very close, in spite of the 
fact that we were dealing with an arch that did not have a hollow rib. 

The analysis has since been continued for 3 other types of arches of 
repeatedly narrowing section, so that we finally reached a design which cor- 
responds to the third case shown (one abutment a considerable distance 
transversely from the other.) In these other arches also the agreement of 
the mathematical theory was very close to the experiment in spite of the 
fact that the rib was not hollow. I am wondering if Mr. Hollister thinks 
or’wishes us to feel, as a result of his study and measurements, that it is 
unsafe to design a skew arch that is not a hollow-rib section ? 

S. C. Horrister.—There is no reason for making the section hollow, 
unless there is likelihood of there being a very thin transverse section at 
the crown. For instance, if this span had been designed with a 2-ft. thick- 
ness at the crown, the total length along the crown section would be 81 ft., 
and the ratio of 2 ft. to 81 ft. is the slenderness ratio to which I referred. 

It may be that in many cases of solid slabs, an analysis assuming an 
absence of the curling effect would check with the measurements made on 
the model. On the other hand, there is a question whether such measure- 
ments would check if the thickness at the crown were only a small portion 
of the entire width of the bridge. In the case of the bridge referred to 
in the paper, the thickness was such that a hollow section was desirable 
in order to get sufficient depth to provide some semblance of torsional 
rigidity and to reduce the curling effect. I do not mean to convey the idea 
that all forms of skew arch should be designed with a hollow section. 


Mr. Beggs. 


Mr. Hollister. 


THE CALCULATION OF FuatT PLatTEs BY THE ELASsTic 
Wes Meruop. 


By Josrerpu A. WisE* 


1. Introduction.—The history of the development of methods of solution 
for stresses and deflections of flat plates has been given in many publications’ 
and therefore no general account will be given here. Lagrange’s equation, 
which forms the basis for the attempts at exact solutions, has not yet been 
solved for the general case, and therefore almost all plate problems have been 
solved by some method of approximation. Nadai? and Estenave? have given 
one type of solution by the use of series approximations, but these involve 
complex formulas containing trigonometric and hyperbolic functions, such 
that the solutions require a great deal of difficult mathematical manipulation 
for any but the simplest cases of symmetrical uniform loading. Nielsen‘ has 
given approximate solutions by the use of difference equations, his solutions 
being referred to in Westergaard and Slater’s® paper. Marcus® has used the 
method of difference equations, but has simplified the concepts and made the 
application of the method more accessible to the engineer without extensive 
mathematical training by presenting the subject in the form in which this 
paper will present it. 

In order to show the simplicity of the method of the elastic web the subject 
is introduced by the analagous method of calculating beams by the use of the 
equilibrium polygon, and particularly the algebraic or difference equation 
method of calculating stresses and deflections of beams derived from the 
equilibrium polygon concept. This introduction should serve to make the 
later procedure and derivations more easily understandable and forms a more 
natural approach for American engineers than the more devious and mathe- 
matical approach of the German literature. The theory of the elastic web 
and its analogy to the equilibrium polygon is then developed as well as its 
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application to the calculation of stresses and strains in flat plates. The 
probable accuracy of this method is discussed as well as its applicability to 
the design of reinforced concrete slabs. This paper will only present the 
application of the method for the case of square and rectangular slabs freely 
supported at the four edges, although the method can be generally applied to 
almost any case of shape, supporting condition, or loading. Dr. Marcus has 
shown its application for a very great range of conditions, and in very simple, 
direct fashion. It is hoped that this further development will be presented in 
future Proceedings, so that it will be readily available for American engineers. 

This paper makes no claim of originality, except in presentation. Dr. 
Marcus has very thoroughly covered the subject and very little departure 
from his procedure seems possible. However, this is believed to be the first 
statement of the method in the English language and the introduction has 
been so worded and developed that it is hoped that American engineers will 
be able to use it readily. This is the sole justification for the paper. 


FIG. 1.—EQUILIBRIUM POLYGON, SIMPLE BEAM. 


The elastic web is conceived as a network of elastic wires covering the same 
area as the plate. The loads, if uniformly distributed, are replaced by equiva- 
lent concentrations. End conditions representing different conditions of con- 
tinuity or freedom from restraint at the supports, are determined from the 
theory of the action of elastic webs (following the theory of thin membranes). 
The deflections of the web under various loading conditions give moments, 
stresses and deflections of the plate, much as the equilibrium polygon can be 
made to yield analagous quantities for beams. The deflections of the web 
are determined by means of difference equations that are easily set up, and 
the sole mathematical device necessary for actual computation is the solution 
of simultaneous linear equations. 

2. Deflections and Moments in Beams.—The method of calculation of 
beams presented in this section possesses no advantages over other simpler 
methods. It is intended solely as an introduction to the use of difference 
equations or differences in the study of flat plates. The purpose of this intro- 
ductory treatment is to enable the extreme simplicity and ease of application 
of the method of the elastic web to be clearly explained. As a matter of 
fact, beams are limiting cases of certain types of plates and in consequence, 
results obtained for such plates should be valid for the corresponding limiting 


case beam. 
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We start from the well-known string polygon asapplied to beams. Fig. 1 
indicates a simple beam, uniformly loaded. If we divide the beam, as shown 
in the figure, into segments so that each is one-fourth the span of the beam 
(the two half segments nearest the support together being considered as one 
segment) and replace the uniform load in each by an equal concentrated load 
acting at the center of gravity of the uniform load, we can draw an equilibrium 
polygon. The two half segments at the support are omitted, for simplicity, 
and also because they do not appreciably alter the results. This equilibrium 
polygon has the same shape that would be assumed by a string loaded with 
the loads P and restrained by a force at the supports, whose horizontal com- 
ponent is equal to the pole distance H, of the associated force polygon. 
As we increase the number of divisions of our beam indefinitely, the string 
polygon approaches the condition of a cable loaded with a load uniformly 
distributed along its horizontal projection, and it therefore hangs in a parabolic 
arc. The moment at any point is equal to the intercept between the hori- 
zontal and the string polygon, multiplied by the pole distance H.1 If we make 


FIG. 2.—ANALYTICAL RELATIONSHIPS OF EQUILIBRIUM POLYGON. 


H equal to unity, the cable forms a moment diagram for the uniformly 
loaded beam, and the string polygon becomes a moment diagram in the case 
in which concentrated loads are substituted for the uniform loads. 

It is not necessary to use graphical construction to find the deflections of 
the string polygon. Consider the equilibrium conditions at one vertex of 
the polygon. Fig. 2 represents a portion of the equilibrium polygon whose 
associated force polygon has a pole distance of unity. The load P; is applied 
at k; wz is the deflection of k; w; and w; are deflections of the adjoining points 
tand/. The vertices of the polygon are assumed to be at equal horizontal 
distances, \, from each other. 


For equilibrium in the vertical and in the horizontal directions, 


Pr = T, sin a T 2 sin A eRe Re ee aS NCIS Hehe aeaa tes Se) Gos Foc (1) 

T,; cos a, = T2 cos G2 ST Fs a Stn er . (2) 
Dividing (1) by H or the corresponding value in (2), 

ray t 
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Page rhage Bryan and Turneaure, Modern Framed Structures, Part I. (Ninth Edition) 
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1 — w 
But, tan a, = rena | 


Substituting in (3), 
Pr _ Que — wy — wy; 


H » 
If H =1 
2uw_ — Wi, — WwW, = Ped 


; tan a, = 


If p is the value of the uniformly distributed load, P; = p*» 
and 
ROE = LD gD = DAE oa TT Ee a Re Lee eee (4) 


Equation (4) forms the basis for the analysis of the beam, and is therefore 
an important equation.1 Let us apply it to the beam of Fig. 1. Here a 


At the supports, w is zero, since the moment is zero. Tirst apply equation 
(4) to point 1. 


PHOSCLHOIN CIN OPS Crarcd ss SORIA OEE R TASS RCRD REM I ee aS Re (5) 
From symmetry, w; = w. We now apply equation (4) to point 2. 
KWo Ean ha INAL IY Le eeere ric ere ak alert reac reso e ee (6) 


Solving simultaneous equations (5) and (6), 

w=2p7 w=3pn 
Since \ = 

m=37pP w=3pP 
H was made unity, consequently these ordinates should be numerically equal 
to the bending moment at the corresponding points. It is readily ascertained 
that both values are correct. 

A well known theorem? in the strength of materials states that the deflection 

of any point of a beam is equal numerically to the moment produced at 


M 
that point, by loading the beam with an imaginary load equal to the FI 


diagram. In our case M;, is numerically equal to wz, therefore we load the 
beam with the = diagram. For any point k, wz is assumed as uniformly 
distributed over the space \ and H# and J are considered constant. Then the 
load at each point & will be 7. Let us draw a new string polygon with H 


equal to unity, for this loading and call its ordinate at k, zz. Equation (4) 
then becomes 


1 This equation can be written (wk — wi) — (wi — wk) = pd’. The difference operator 
A is defined as (Awk)z = wi — wk, (taken along the z axis) consequently equation (4) can be 
written A(A wk)« (or second difference of wk) = (A2 wk)z = —ph?. 3 A 
2 Parcel and Maney, Statically Indeterminate Stresses, p. 52. Swain, Structural Engi- 
neering, Strength of Materials, p. 223. ia 
w 


3 Equation (7) can be written (A2zz)z = — ET 
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This is the fundamental equation relating the deflections of the second string 
polygon and the beam bending moments. 2% is numerically equal to the beam 
deflection at k. Apply this equation to our beam, first at point 1, then at 
point 2. Note that z; = z,. At the supports, z = 0. 


24-2 =uUu.z’"=3pmM 
—24+2m~=u.r2=2 0M 
Solving, a= 3pm = st, plt = 0187 pil 
a =§pm = 85 plt = .00978 pi! 


The correct values are z; = .00928 pit, and z = .01302 pt, or about 5.4 
per cent less in each case. With more divisions, greater accuracy can be 
obtained, in fact 8 divisions give results that vary about 1.2 per cent from 
the correct values. 

If we substitute the values for wz, w; and w; as obtained from equation 
(7) in equation (4), (point h being to left of ¢ and point m to right of 1) 


HI 
Se [2 (2 ee — % — 2) — (2% — zn — zr) — (2% — ee =-2m)] = pM 
Py? _ po 
or n— 4 +62 —4a tin = ee = ve ee (8)2 


This equation expresses the ordinates of the second string polygon and in 
consequence, the deflections of the beam, in terms of the loading, on the 
beam. It can be applied directly to the beam. As before, z = 0 at the sup- 
ports. When we apply equation (8), however, to point 1, there will be 
required a term for an imaginary point 1’, a distance to the left of the left 
support. This can be obtained from the condition that at the support w = 0 


and applying equation (7) there, — 2’ — 2 = 0, orz’ = — 2%. For point if 
Ne 
—-“4+62z —-4at2z == 2y —4xz = 
For point 2, 
p 
—444+6m~—4% = oS ti hy G20 sree 
4 4 
Solving, we get, 2. = Sees SEN as before. 


Rey os oon 
For partial, or non-uniformly distributed, or concentrated loads, p is 
modified in a perfectly obvious manner, the load Pz at every vertex repre- 


senting the total load for a distance z on each side of k. For fixed or con- 


tinuous beams, the same equations apply, except that the end conditions 
differ. In these cases, generally, the moments will not be known at the ends 
or supports, and it becomes necessary to use equation (8) first, finding the 
deflections. Moments are then found by substituting the values of the 
deflections in equation (7). 

DN 


? Equation (8) can be written A2(A2 zk)x = (Atzn)a = — aT 
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3. The basic equation for solution of flat plates.—The differential equation 
of the beam derived from the common theory of flexure! is 


ey _ M 


y being the deflection of any point whose position is given by x, and M being 
the bending moment at that point. Since 


dM dV 2M 
PP al ered ect aa 
where V is the shear and p is the intensity of loading at the same point, 
a alee 
7 i 71h Ae (10) 


It will be seen later that these are analagous to the differential equations of 
plates. However, a plate cannot be treated satisfactorily as two sets of 
superimposed beams at right angles. Two such imaginary sets of beams 
would not have independent deflections and the resistances at the edges of the 
elementary beams could not be neglected without serious error. In addition, 
the lateral deformation produced by the fiber stresses influences the resulting 
stresses and deflections considerably. 

The basic differential equation? for flat plates, corresponding to equation 
(10) for beams, is 


oe ong Oe p 
ae aE cr VaR OL RES EPR A REY ICA Lac 1 
5x4 ee 6x25 y? a3 by ON eo 
where ae 
m2 3 
is pace oy 
¢ = deflection of plate at any point 2, y. 
p = intensity of loading at the same point. 
m = Poisson’s number (reciprocal of Poisson’s ratio). 


E = modulus of elasticity. 
= thickness of plate. 


Equation (11) is derived upon the principal assumptions, (a) that the plate 
is medium-thick (i. e. not so thin that it approaches a membrane in action nor 
so thick that the distribution of stresses at the ends appreciably influences 
the results), (b) that the material is homogeneous, isotropic and perfectly 
elastic, (c) that a straight line perpendicular to the central surface of the plate 
before flexure remains straight and perpendicular to that surface after flexure, 
(d) that stress is proportional to strain. 

Equation (11) can be resolved into simpler form by the use of the operator 


symbol e x 


i? by? 


1 James E. Boyd, Strength of Materials, (McGraw-Hill, 1924) p. 145. ‘ 

2 This non-homogeneous, fourth order partial differential equation is known as Lagrange’s 
equation because Lagrange first derived it in 1813. No general solution for it has yet been 
found. In 1907 the French Academy of Science designated it as the prize problem for the 
Prix Vaillant. Special and particular solutions are known, of course. 
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‘Then 
cys 42 Ae, pate =) (3 FF nee Nee 
bx! bx5y? ale a oy? bz? by? 
27: Os ar Orem NU eames oy Uk tas pear 12 
W(Ete SS WAG fe Gre 5 (12) 
If we define a new function M (not having the same meaning as in beams) 
Lite ee — 
SS RUSTY are ROME AA MUGS eee uaa Sodas ae: 1 
Sera) a ee eae , (13) 
the equation of the elastic surface becomes 
Valeo po eae: Eye icy i 9 Son Pain, CSC ote ee (14) 


The function M is a measure of the bending of the plate. In Fig. 3 a portion 


of the plate is represented, dx wide, dy long and the thickness of the plate, h 
thick. 


’ 


x 


Ppaxdy 


Wx ~ . X-axis Arection 


-———— - 


5 5 4 


Vy ax 


FIG. 3.—STRESSES ON ELEMENT OF PLATE. 


8, and sy are bending moments normal to the faces of the prism, and are the 
resultants of the fiber stresses, v; and vy are vertical shearing stresses, and 
tzy and ty; are torsional stresses produced by the horizontal shears. All of 
these are in terms of one unit of width of element. It can be shown that,,1 


nee) 


6x? m by? 

ee ee 3 Fa) 
iN) & a m ba? 
i = os 
i m dxdy 


ay 8 (8b BE 
bas aeay 5x (= 7 =) 


el Sue 2 NOU (Ona ORGS 
pies erg Ga te 7) 


1 Dr, Ing. H. Marcus, Die Theorie elastischer Gewebe, Sec. 1. 


try = om 
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ie oy MEL Or Bt) m1; 
Best Oy Rea m (3 5) Fi ue - 

A membrane or thin plate subjected to fiber stresses parallel to the surface 

only, is described by the differential equation! 


a Ont &w hy? 
~ ba? oy S 
where w is the deflection of the plate at any point x, y; p is the intensity of 
loading, and S is the horizontal component of the surface stresses. From 
the conditions of static equilibrium, S is constant for the entire membrane. 
If S is made equal to unity, then comparing equation (16) with equation (14), 
we can state the following law: A membrane loaded with the same loading, p, 
and having a value of S = 1, forms a moment diagram for the elastic plate. 
Note that the “‘moment” in dhe above statement is really the moment-sum 
function M, defined as above. In a manner perfectly analagous to that used 
for beams it can be similarly shown that the following law is true: A mem- 


brane loaded with “elastic” loads py = ad and having a value of S = 1, forms a | 


N 
deflection diagram of the elastic plate. 
Differentiating equation (13) we obtain, 


eM 1 eM (ee ag ne) 


5x2? ' m oy bz! m  dtey2 ' m yA 


eM 1 eM _ -n (Et m+1 sy 1 3 
sy? | m oz m  8x2dy2 | m bx* 


Differentiating equations (15), we get 


O82 882 _/ aC lm + 1 8 A ra) 
Wise = 59 T ay@ = ie act T dx25y? ' m Sy! 
_ 8 8y , O8y _ aoe m+ be =) 
Wey Sis oye ay (a (ess darby? bx 
If we define 
eM , 1 eit) 
— e302 Tom oy 
A ted eR oa PN Ae el eee (17) 
g ay? | m oa? 
Gea! eM 
i: ee ae yy 
then, combining these with the previous equations, we get, 
v? Sze.) = ).-7 Tz } 
SEI ER RES Lins OREO A AEC oad (18) 
v? boy re 


1See A. Féppl NGreS Ee iver technische Mechanik, Vol. V, sec. 30; also, A. and L. 
Féppl, Drang aa Zwang, Vol. 1, sec. 35. 
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The law that can be derived from these last equations reads: The membrane 
carrying loads defined by equations (17) and having S = 1, forms a moment dia- 
gram for the Sz, 8y, and tzy moments of the elastic plate. 

The shearing forces vz and vy can be obtained directly by a simple trans- 
formation of the last two equations (15). 


M |\ 

og a tears 
mattis mane at GAN Ae Mh Gas gic bo ov (19) 

ENS Vaan — 6M 


From the preceding results, it is readily seen that the complete solution 
of the plate is made dependent upon the two differential equations, 


= M 

ie eth PUTING Mea : 

In plates that are freely supported at the edges, ¢ and M are zero at these 
edges, and consequently, the first differential equation suffices to determine 
M for the plate, such plates are therefore called “Statically Determinate” to 
distinguish them from plates requiring the use of both differential equations 
for the determination of M, such as plates fixed at the edges, which may be 
called “Statically Indeterminate.’ In the case of the statically determinate 
plates, the M diagram obtained from the membrane is a true moment dia- 
gram, but in the case of statically indeterminate plates, the M diagram can 
be obtained from the membrane in a manner analagous to the moment diagram 
for beams with restrained ends, in which a closing line for the equilibrium poly- 
gon must be found to give a true moment diagram. Therefore in the laws as 
stated above, the ‘‘moment diagram” means the form of that diagram, and 
in the case of statically indeterminate plates, the true position of the diagram 
with respect to the axes must also be found. 

The solution of the plate has been made dependent upon the solution of 
the membrane and now the membrane will be replaced by the elastic web, 
that approximates the state of stress and strain in the membrane. 

4. The Elastic Web with rectangular meshes. —F igure 4 represents an elas- 
tic web composed of two sets of perfectly elastic wires crossing at right angles. 
The mesh width is uniform in each direction, dz in the direction of the x axis 
and A, in the direction of the y axis. The nodes or intersection points of the 
web are designated as shown in the figure. The uniform load p is replaced 
by concentrated loads at each node equal to the total uniform load on the 
area tributary to that node, as is indicated for point k by the shading. The 
separate wires have direct tensile stresses R;, Ri, Rm, and Ry, respectively for 
the wires running from k to i, l, m,and n. «; and w designate the angles that 
wires 2; and R; make with the x axis and @m and wr the angles wires Rm and 
Rn make with the y axis. 

From the conditions of statical equilibrium at k in the three directions, 
the following equations are obtained: 

Rs cos w; — Rj cos w, = 0 
Rm COS wm — Ry cos wy = 0 
Py + (Ri sin o — Ry sin w;) + (Ry sin w, — Ry sin wm) = 0 
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Call H, and H, the horizontal components of stress in the wires running in 
the z and y directions respectively. Then the following relations hold: 


R, cos wo, = R; cos w, = Hy 
Rm COS om = Ry, C08 wn = Hy 


Substituting in the previous equation, 
H, (tan w; — tan w) + Hy (tan wm — tan wn) = Pr 
By the definition of difference operator given in the footnote on page 4, 


Az tan w = Ww, — WE = (Awy)z 

Ay tan wn = Wn — WE = (Awz)y 
Ax (tan w, — tan w;) = (wy — we) — (we — wi) = Az (Awe)z = (A2uve)e 
dr, (tan wy — tan wm) = (Wn — We) — (We — Wm) = Ay (Awe)y = (A*we)y 


FIG. 4.—ELASTIC WEB RECTANGULAR MESHES. 


Substituting above, 
TAG (AE OEIC is ea tal fora esa sietiathti a ea (20) 
ry x 


We now relate this to the membrane by noting that from the definition for 
S given on page 8, 
Hz = dyS2, Hy = Sy 


Also, 
Py = prdrzry 


Consequently, 


Sz (ator) a8 Fe (atu) r= Jah oo on Aaa Maoaae aoe De Uoe (21) 
Zz 
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If H, = H, = H, or S; = 8, = 8 


iB 
. (A2wp) x | : (A?we) y = = ca 2) 8 Grisi lee Ma) in Coin, eke 0 did) shat og ee eaneerene tie oy catetes (22) 
(Alona i (Ati) gre BEE Ot ous 23 
vere = Geese (23) 


If \z = Ay = A we obtain the simple formula, 


(A%e)e + (A2uz)y = — Py. X= —py.™ 
. x H S 
This can also be written, 
2. 
4 we — (we + wy + wm + Wn) =P =* I A ag (24) 


This is the basic equation used in the solution of square plates, freely sup- 
ported at the edges. 

Equation (24) for the plate is analagous to equation (4) for the beam. 
Note also that if the mesh widths are decreased indefinitely, equation (23) in 
the limit becomes the basic equation of the membrane, 


COON Ps 
6x2 by? S 
just as equation (4) in the limit becomes the equation of the cable, 
GEA 
dx B 
For rectangular plates, whose ratio of longer side to shorter side is 
Xz =K 
Ay 


equation (23) becomes 


(A’wr)e + x (A*wE)y = — pe Az 
or in expanded form 


2 we (L + x?) — (wi + wi) — 2 (Wm + Wp) =p. Xe = pe. 2... (25) 


This is the basic equation for freely supported rectangular plates. 

To determine the deflections, the same equations are used, only the load 
px becomes the ‘elastic load” e The value of S can be made unity, and 
then the values of w will numerically equal the moment-sum M at the corre- 
sponding points. The values of ¢ will be numerically equal to the values of 


at the corresponding points. Note that in applying equations (24) and (25) 
in finding deflections, w is replaced by z. Having the values of M and ¢ we 
can find the stress-moments, torsions and shears directly from them. 
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Loading our web now with the elastic weight’ pr = wz and taking S 
equal to unity, using equation (23), 


mo Pte tay im Siete i! (ate) +55 


zy 


, 


g, (Aree) Op a 


— we = —My.(26) 


We now evaluate the various partial derivatives necessary for determining 
the stress-moments, torsions and shears. 


(2 2) = za — % _ (Azz)z | 
Or; 252 Ag 
G 2) = kn — &m — (AzE)y 

SYx oy Oa Ay Ay 


HIN eS ear 1 5 
(3) = OER Wee oes (27) 
OES MED aC ei it ° 
3 Gaateomr al sae, 
( iz ) _ @o+ ar) — (@p + 2q) _ (Arex)ay 
barby 4 Xghy Agdy 
Substituting these values in equations (15), 
be 2 OPN FAG 12 2 — 2m — Zn 
: & ig aa) vi Nz ie Ny 
ak &z IB NN ig = een 1 2ze —- 244 —- 4 
So ee 'e + im a)-= hy or, Nz 
: See Wal &z Mat | Gna) eee 
el m érby =m 4 gdy (28) 
pw OISs aba ives 
eer G ao hae TAG 
bw 1 
vy = ey = ae. (Wn — Wm) 


Substituting the values of ¢ and M for z and w, 


il 
Me og= (2 fet — 9) + ay be — fm be) 
Rte anes Bits ra) eae Conte Fete 
N 7] k m n m 
2 ar 
XS tay = x [(tp + fa) — (So + ér)] 


2 AgAz = M, ao M, 


yy Agdy aie (Mn ai Mm) 
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The value of m that is used in the above formulas influences the resulting 
values to a considerable extent. For concrete, at the usual values of working 
stresses, m is approximately 5. However, as the stresses approach the ulti- 
mate, m increases for concrete in tension! and as the most unfavorable case 
would be m equal to infinity, that value may be considered as the proper one 
to use in determining stresses, etc., in plates approaching a condition of rup- 
ture. In determining the value of working stress to be used in the plate. 
if m is taken as infinity, no notice need be taken of the fact that as the stresses 
in the plate increase toward the ultimate strength of the materials, the moments 
do not change proportionately to the loads, because the stresses will have 
been calculated upon the basis of the most unfavorable condition of the plate. 
If a value of m = 5 is chosen, however, the working stresses may be taken 


FIG. 5.—SQUARE PLATE, WITH 16-MESH ELASTIC WEB, 


less conservatively to allow for the less rapid increase of stresses that occur 
as the loads increase. The maximum fiber stress at any point in the plate is 
given by? 
S mar. = > [ + sy) = V(sz — sy)? +4 Ca}| 
min. 

5. Applieation to the solution of square plates.—Figure 5 represents a 
square plate freely supported at the four edges. ‘Freely supported” is taken 
to mean that the corners are so held that they cannot lift from the supports. 
Dr. Marcus has evaluated this lifting force and shown that it is twice the 
value of the torsion at the corners. The plate will be divided into 16 squares 
as shown, each line within the Square representing a wire of the elastic web. 
First a uniformly distributed load will be assumed. For a square plate 


! This is indicated from experiments by von Rudeloff, see H. 5 u. 21 Veré i 

des caameree paras fur Hisenbeton. Riga ree 
2 Dr. Ing. H. Marcus, Die Theorie elastischer Gewebe, sec, 4, p. 37. 
§ Dr, Ing. H. Marcus, Die Theorie elastischer Gewebe, sec. 6, “4 41. 


Fuat PuatTes BY THE Exastic Wes Moernop. 421 


: 1 ; ‘ 
k=1, In this case = 4. Applying equation (24) to each point in suc- 
cession and noting the symmetry indicated by the numbering of the plate, 
4w, —-2um= pr 
—2u,+4w.—w;= pM 
—4u,+4u; =p 


Solving these three simultaneous linear equations, 
M, = w, = .04297 p 2 

.05469 p I 

.07031 p 2 


Loading the plate with elastic loads w;, we, ws at points 1, 2 and 3 respectively, 
we get, using equation (24) again, 


SIS 
an 
Sy 
IU 


4z,— 2 = wid? = .002686 p It 
—-2a+4u2— 2 = wr? = .003418 pit 
—4m+42 = w;2 = .004394 p It 


Solving these three simultaneous linear equations, 


4 
it = .002136 Be 


=|* 


PES pl 
f2 = 7p = 002930 


Bees pl 
= ijn .004028 V 
If a web with 64 meshes had been chosen in place of the 16-mesh web, the 
values of M would be changed at most by 4 per cent and the values of £ 
by about 1% per cent. Thus it is evident that with a comparatively coarse 
mesh web, results of fair accuracy can be obtained with very little labor. A 
comparison of these results with those obtained by Nadai and HEstanave (see 
footnote p. 1) indicate differences not to exceed 274 per cent and in some cases 
not over ;'; per cent from their results when the 64 mesh web is used. Con- 
sequently it may be concluded that even the 16 mesh web gives fairly accurate 
results and the 64 mesh web produces results of sufficient accuracy for most 
practical purposes. This is true for M and ¢, but for the stress-moments, 
torsions and shears, the use of the web with closer meshes is necessary to give 
accurate results. 
Using the values of M and ¢ obtained from the 64 mesh web, for m = 5, 
Sz = Sy = .04365 p?, and for m equal to infinity, sz = sy = .036385 p P. 
The maximum shearing stress occurs at point IV and is .3387 pl. The sup- 
porting reactions are 


a = .2545 pl 
COA GE™ ee 23044 Pp l 
an = .4037 Pp 1 
ary = .4289 pl 


and the corner lifting force, C = .0594 p ?. 
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For concentrated forces, similarly, the values obtained show good agree- 
ment with other analyses. One difficulty arises, however. In the immediate 
neighborhood of the concentration the stresses increase indefinitely as the 
mesh width is decreased. As the load is concentrated upon consecutively 
smaller areas, the stresses increase without reference to the size of the plate. 
Since truly concentrated forces are not met with in nature, it becomes neces- 
sary to use a load distributed over a very small area, representing the actual 
conditions as nearly as possible. Similarly rectangular plates can be readily 
solved by these methods, without any difficulty. Tables showing the stresses, 
deflections, etc., of square and rectangular plates, with various uniform, con- 
centrated and unsymmetrical loads are being prepared and it is hoped that at 
the next annual meeting a more complete discussion will be available, together 
with these tables. 

While the assumptions upon which these results have been obtained are 
practically the same as are used for the design of reinforced concrete beams, 
one important difference appears. In the case of plates there exists some- 
times a condition of reinforcing which is different in the two directions. The 
plate does not have a constant moment of inertia. Dr. Marcus has investi- 
gated this analytically and finds that the deflections are not appreciably 
influenced by even extremely large variations in moment of inertia. Even 
the stresses are not very greatly influenced, because in one case investigated, 
where there was a difference of moment of inertia in the two directions of 400 
per cent, the fiber stresses differed only 22 per cent. So we may say that for 
most practical cases this effect can be neglected. 


Discuss1oN—CALCULATION OF Frat PLATES. 


JosrpH A. Wise (By letter).—I would like to add one or two state- Prof. Wise. 
ments to the paper to clarify certain concepts. The stress moments, s,, Sy, 
are the proper ones to use in applying the usual rectangular reinforced- 
concrete beam formulas for design purposes in the same way that one uses 
the usual bending moments in beams. In regard to shearing stresses, it is 
not believed that the resultant diagonal tensile stress will be as high pro- 
portionately as in the case of the usual rectangular reinforced-conerete 
beam, and that higher allowable unit shearing stresses can be safely per- 
mitted in this type of flat slab. There also may be some question as to 
the effect of possible cracking of the concrete below the neutral axis upon 
the stiffness of the plate in various directions and also upon its torsional 
resistance. The first effect, I believe, can be neglected for most practical 
cases as it will be about the same in both directions. The second effect is 
extremely difficult to evaluate, but it is not believed that it will very 
greatly change the results. A reduction in the torsional resistance of the 
slab probably means an increase in the stress moments; but this is to 
some extent offset by the fact that when the concrete stress attains moder- 
ately high values a certain amount of plastic flow occurs with the redis- 
tribution of the stress, relieving to some extent the more highly stressed 
areas of part of their higher stress. It is probable that considering the 
two effects, that is, the reduced torsional strength and the phenomena of 
plastic flow, as offsetting one another, we can neglect both and merely con- 
sider the stress produced by the stress moments as above indicated. 
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REVIEW OF THE DISCUSSION OF THE REINFORCED-CONCRETE 
CoLuMN.* 


By Puiu J. MarKmann.** 


The correctness of my analysis of “The Reinforced-Concrete Column,” 
p. 127 to p. 166 of the 1927 Proceedings, is disputed by all contributors to the 
discussion, p. 167 to p. 178. The objections raised by four of these con- 
tributors, viz: Mr. Hadley, Mr. Lagaard, Mr. Richart and Prof. Talbot, are 
based on two allegations which will be stated presently. One other con- 
tribution is irrelevant, one other too vague for a comment. The two allega- 
tions made by the four of the contributors named are correlative in fact, 
and either stand or fall together. 


The first. allegation is: 
The reinforced-concrete column after being contracted by the unit contractive 


force 2 m of the concrete acting against the resistance of the steel to what H. 


M. Hadley in his diagram on p. 167 calls its “actual length,” when subjected 
to any external load will, like any other column, be shortened by the said 
external load. 

In answer to this first allegation my paper demonstrates the truth of 
the following statement, which, therefore, supersedes the above allegation: The 
said “actual length” begins to be shortened by the external load only after 


the said load begins to exceed a m (1 — p), and not before. 


The second allegation is: 
The length of the concrete in the said “actual length”? column must shorten 
while its “stress” increases from fer (tension) to fei (compression), and, there- 
fore, the steel must shorten also. 

In answer to this second allegation my paper demonstrates the truth of 
the following statement, which, therefore, supersedes the above allegation: 
During the whole time in which the concrete “stress” increases from fo to 


dere EH F 
fet [as i increases from 0 to 7” (1 — ») | the “force” acting upon the con- 
crete is fg (constant); therefore, this constant “force” fei causes the constant 


Savi chee 1 ; 
deformation E = a Ga of the concrete. At the same time the 


n 


* This paper follows the author’s paper and the attendant discussion i i 
Proceedings, Vol. 23, p. 123. 4 aero wa a 
** Consulting Engineer, St. Louis, Mo. 
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constant steel ‘‘stress”’ fs; causes the constant deformation a =m a CEaIT 
of the steel. The deformation of the concrete being identical with that of the 


eyis 
steel, and constant while fe increases from 0 to Em (1 — p), the shear 


/ 
between the two does not change from what it is when Be: = 0, viz. fs X p = 
— fer (ad — p). 
, 


ey ee 
While “| * increases from 0 to =m (1 — p) the ‘‘force”’ acting upon the 


cael ; 
concrete (fei) is a of the “‘force”’ acting upon the steel (fs:), and, therefore, when 


the ‘‘force”’ fei acling wpon the concrete becomes identical with the ‘‘stress”’ fez 
of the concrete, “elastic equilibrium” of the two materials is attained. This 


happens when fe = Em (1 — p). 


The reinforced-concrete column is unique as a column, because in service, 
it has not only to resist the pressure by the external load, but the internal 


: E 2 
contractive force 7” of the concrete, as it hardens, develops normal stresses 


of the concrete and of the steel, as well as shear stresses along their contact 
area, as follows: 


(1) a tensile stress fr in the concrete 

(2) a compressive stress fs; in the steel 

(3) a total shear f, (1 — p) acting from each end toward the mid-section 
of the column, on the concrete side. 

(4) a total shear fsi X p equal to fcr (1 — p), but acting in the opposite 
direction viz. from the mid-section toward each end, on the steel side 
of the contact area. 


} at the middle of the column. 


Referring to Mr. Hadley’s diagram on p. 166, the ‘original length” of 
the column shortened to its ‘‘actual length” is the column with the action of 
the internal force completed. The steel and concrete in this column have 
“stresses” of opposite nature, the totality of the concrete stress balancing 
the totality of the steel stress [for (1 — p) + fst X p = 0]. 

Neither the steel nor the concrete in this ‘actual length” of column have 
their “free” lengths; the steel is shorter the concrete is longer than their 
respective ‘“‘free’’ lengths. Now, while a column composed of two constituent 
elements, and both neutral in stress prior to being subjected to an external axial 
compression, will immediately respond to the load by a strain increasing with 
the load, the ratio of their respective compressive stresses being the ratio of their 
respective moduli of elasticity, it should at least be suspected that the reinforced- 
concrete column of ‘actual length,” with the steel and the concrete having stresses 
differing from neutral in opposite directions, will respond to the load in a different 
manner. 
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; E 
I contend and am demonstrating that an external load < PL (1 — p) 
in amount causes no further shortening, and that only the excess of the external 


{if 
load over the amount 2m (1 — p), viz. = — em (1 — p), [the 2d part of 
the external load] causes a further shortening, as follows: 


With no external load on the reinforced-concrete column the concrete is 
acted upon by the unit contractive force Em, which would shorten the con- 


crete from its original length 1 to length 1 — m. But it is also acted upon by 
the tension f~ due to the resisting shear of the steel which tension would 
lengthen the concrete from its length 1 — m to length 1 — €. The resultant 


of these two forces is Em + fer = fei; tis this resultant force which actually 
shortens the original length 1 to length 1 — e. (See Fig. 3, p. 156.) 


The full cohesive tension — Em in the shrinking concrete (which is the 


, , 
full contractive force) is reduced by the pressure “é of an external load 7e 


=p 
Pé 


on the column to the smaller tension — =m ae =. and, therefore, 


P/ 


re Aaslray & 4 is now the reduced contractive force. The “stress” for (the 


Pi 


resultant of — 2 m and fc) is increased by the external load pressure to 
Pe’ 
$ A 


A 
ey: 


Now when the external load equals - m (1 — p) the reduced contractive force 


nay E : 
1 MOR 0, and the increased ‘‘stress’’ of the concrete is for + f m = fot. 
n 


The resultant of this reduced contractive force and the increased “ stress”? 
of the concrete is O + fei == fet. 

The resultant fo of the two forces acting upon the concrete is now repre- 
sented solely by the compressive “stress” fej of the concrete, because the con- 
tractive force in the concrete has been reduced to 0. 

(The natural law governing the apportionment of the load to the con- 
crete and to the steel, says: none of the load will go to the steel as long as the 


Ts and fs = fei). 


concrete ‘‘stress” is < i 
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E ; 
The external load = nm (1—p) in amount, transforms the resultant “force”. 


fei which acts upon the concrete as long as the external load is < z m (1—p), 


oe 


into the compressive ‘‘stress”’ fr of the concrete. Therefore, the force acting 


Pel 
A 
and with no change of force there is no change of deformation. 

These are the facts in the case, they show the two allegations to be 
unwarranted assumptions. All of the above is fully demonstrated on pp. 158 
and 159 of the paper. 


upon the concrete does not change while increases from 0 to - m (1 — p), 
n 


Prof. Talbot says, on p. 177, “Surely it.cannot be true if one would stop 
to think that there be strains without stress,” evidently referring to my show- 
ing the deformation of the concrete remaining constant while its “stress” 
changes (increases) from fe to fei, or from the residual tension fcr to the com- 
pressive stress fci, which increase of “‘stress” occurs while the external load 

, 

“e increases from 0 to z m (1 — p) in amount. 

Now, what is absolutely true is that there cannot be a strain without a 
force, nor change in strain without a change in force, and that the strain remains 
constant as long as the force remains constant. The fundamental definition of 
the modulus of elasticity of elastic bodies is 


Unit force 
Mod. of elast. = Unies. 
The force which causes the deformation (shrinkage) m of a plain concrete 


prism (the cohesion of the particles of the mass), = being its modulus of elas- 


ticity, is” m= — fn (see eq. 4, p. 126). a m is the only force acting upon this 


concrete. When the deformation m is accomplished, no further deformation 
takes place, it follows a force is then no longer exerted upon the concrete, and, 
therefore, the ‘‘stress’”’ of the contracted (hardened) concrete = 0. 

Now, in the reinforced concrete prism the same unit contractive force 
ze m = — fh acts in the concrete tending to shorten it; opposed to this force, 
n 
however, is the shear of the steel equivalent to a unit force acting upon the 
‘ concrete of — aXe = for (see pp. 127 and 153), tending to lengthen the con- 
crete. The resultant of these two forces is — fn + to = fa (see ip. $27.) 


Therefore, fs 1s the “unit force” in the equation of the modulus of elasticity of 


ie 
the concrete, while the “stress” of the concrete is fer, or between fer and fet, as as 


EH 
is either = 0 or <5 m (1 — p). 
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Thus, with the hardening of the concrete completed and prior to the 
application of external load, the concrete ‘‘stress”’ is fer, the steel stress is fs, 
the former a tensile and the latter a compressive stress (given by eqs. 8 & 7, 
resp., on p. 127, or a Us And (Cenpeloa)s 


An external load 2 —< fs om (1 — p) in amount placed upon the column 
will all be borne by Avy concrete area (1 — p), because the concrete, prior to 


eee E 
the application of external load and as long as oe is not = nm (1 — p) has a, 


fea 
“stress” Sy or < fet. 


The unit pressure by the external load Em (1 — p) upon the concrete is 


lle ae fn and this unit pressure added to the tensile stress f,, gives 


—fn+ fe = fe (see p. 127). 5 


So the resultant of either the unit contractive force z£ m, or of the unit 


pressure am by the stated external load, and the “‘residual”’ stress Fors 1D 
either case, is fc. Furthermore, it has been suse on p. 159 that fy is the 


resultant force for any value of ve between 0 and 2 m (1 — p). 
Ud 
Therefore, the unit force acting upon the concrete is constant while Pe 


increases from 0 to Em (1 — p), and the deformation e of the concrete is 


= ft _ ES 
€= B Asante ne (see eq. e’, p. 157) 
n 


Likewise, we have for the deformation of at steel under the constant 


compressive stress fs, while Beis; increases from 0 to em (1 — p), 


A 
pede Leia 
Hoe ld ea eetig 


Thus the paradox of “strains without stress,” or to be more precise, of 
no change in strain with a change in “stress,” ig explained by the simple fact 


that, when oe = 0 and the concrete “stress” is fer, this “stress”? Ter 18 not 
the ‘‘unit force” acting upon the concrete, because there is the other con- 
comitant force ~ ,, wt = — fnalso acting upon the unit area of the concrete, the 
resultant of the te 18 fet, We May say: 

Mod. of elast. = Unit stress 


Unit strain 
only when the unit “stress” is the reaction to the “force” acting upon the unit 
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. P. , , 
area, but the “stress” fcr when a = 0, or the stress > for and < fa when Fe 


: H ; 
is > Oand < nm (1 — p), is not the reaction to the resultant force fe, it is 


i tA 
only one of its two components. When, however, the external load Fe = 


E 

7 (1 — p) the ‘‘stress’’ of the concrete is actually fc, the ‘‘stress”’ now is 
, 

the reaction to the resultant force fe. [When the external load fe has reached 


E : E 
the amount nt (1 — p) oris > Bit (1 — p) the concrete and steel stresses 


are those given by eqs. 2 and 3 on p. 126.] 

The above demonstration refutes all that Prof. Talbot has stated in his 
first ten lines on p. 177, from which he concludes: ‘‘The analysis has nothing 
to stand on.” 

No vital assertions other than the points made by Prof. Talbot have 
been made by any of the other contributors. ( 


At the time I developed my equations for the internal concrete and steel 
stresses I was not aware that Matsumoto in Bulletin No. 126 of the Engineer- 
ing Experiment Station, University of Illinois had “attempted” to do the 
same thing. He gives the “‘shrinkage’’ stresses of steel and concrete in his 
eqs. 5 and 6 on p. 21. Mr. Matsumoto has also overlooked the fact that two 
forces are acting concomitantly upon the concrete of the reinforced concrete 
IE 
ay 

On October 26, 1926, I apprised the Engineering Experiment Station of 
the University of Illinois of the error made by Matsumoto in developing his 
eqs. 5 and 6 on p. 21 of the said Bulletin. 

When introducing my paper at the 1927 Convention of the Institute, I 
called attention to these equations giving results on an average 50 per cent 
too high. My introductory remarks were not published, but Prof. Talbot’s 
concluding statement, on p. 178, refers to my comment on Matsumoto’s 
work. He merely stated Bulletin 126 was not written by Mr. Richart but by 
Matsumoto, then at the University of Illinois, but did not commit himself on 
these equations which I had shown to be entirely out of line. 


column, as long as < Em (1 — p). 


It should be said that the external load, or its first part, applied to a 
well-seasoned column is rather the exception in construction work. Ordi- 
narily the gradual development of the internal concrete and steel stresses 
approximately coincides with the gradual application of external loads. 
This has been stated at the bottom of p. 138. As the hardening of the con- 
crete begins and progresses the adhesion of the concrete to the steel is on a 
gradual increase, tensile stress in the concrete and compressive stress in the 
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steel begin and increase gradually, the increase in the steel compression is 
proportional to the increase of concrete tension, the steel compression reaches 
its maximum fs just as soon as the concrete is fully hardened. The gradually 
and simultaneously developing concrete tension, however, is more than neu- 
tralized by the simultaneously and gradually applied pressure by the external 
load. Thus, while the steel stress has been increased to tsi at completed harden- 
tng, the resultant of the internal concrete stress fer and the pressure by the 
external load may be less, or = fei, according as the growth of the external 
load is slower, or just as fast, as the development of the internal shrinkage 
stresses. Therefore, when the loading of the column up to the amount 
ioe 
A 
the steel stress increasing gradually with the hardening of the concrete reaches 
its maximum f. simultaneously with the concrete stress reaching the value 
ft; on the other hand, if the hardening is completed before as much external 


ee m (1 — p) proceeds at the same rate as the hardening of the concrete, 
n 


load as om (1 — p) is on the column, the steel stress fs; remains constant from 


then on until the external load a equals 2 m(1—p). The steel stress at the 


, 
time when fe = 2m (1 — p) is on the column, provided the concrete has 
been fully hardened by or before that time, is fs, and the external load has in 
no-wise either caused or contributed to this stress, whether the concrete had been 
hardened prior to the application of the external load, or not. When a progress 
in the deformation (shortening) of the column is observed during the appli- 
- ies 
cation of the first part of the external load (the compensating load << = 


2 m (1 — p), this simply indicates that hardening of the concrete and contraction 


of it are still in progress, are not completed. With the said load applied to the 
hardened column, practically no increase in deformation should be expected until 


after the load begins to exceed the amount = Em (1 — p). 


DistRIBUTION oF Bonn Srress 


The distribution of bond stress along the column as demonstrated on 
pp. 151 and 152 is not acceptable to Mr. Richart (p. 176). I stand pat on 
the parabolic law of shear distribution along the column, and on the reasoning 
leading to it. It is evident that the shear line must be a continuous curve 


from end to end of the column, with « = 0 and wy = ©, wheny = 0. 


The maximum bond stress at the ends with the parabola as the bond 
stress line is 114 of what it would be by the straight line variation of shear. 
Prof. Talbot saying, on p. 178, “ Matsumoto assumed a distribution as being 
perhaps the highest and as bringing the worst conditions,” is in error, it is 
the parabolic distribution that gives the greater maximum bond stress. 


a 
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PostTscRIPT 


There is only one amendment I wish in my own behalf and on my own 
motion, to make to my paper as now published. It is this: 

The physical factor m has been defined, on p. 126, as “the unrestrained 
unit contraction of the completely hardened concrete.” This means m is the 
unit contraction of a specimen made from the same concrete, but containing 
no steel. Now it is very reasonable to believe that some of this contraction 
occurs while the concrete is still in a plastic or near-plastic state, during which 
state its contracting movements are not opposed by the steel, even in case of 
deformed bars the concrete will readily recede at projecting shoulders. With 
the concrete still in a plastic or near-plastic state no stress in either steel or 
concrete is developed. Only the balance of the contraction—occurring after 
the concrete has become rigid—is effective in producing the actual internal 
stresses in concrete and steel. Calling m’ the contraction occurring while the 
concrete is still plastic (this may be called the “‘slip’’), then it is the balance 
m — m/ of the full free contraction that produces the internal stresses; there- 
fore, m having been defined and understood in my paper as “the whole unre- 
strained contraction” it follows that the m in the eqs. 4, 5, 6, 7, 8, 9, 9a, 10, 

, 
11, 12, 12b, 12c and 12d should be replaced by m X 2 — 
give results comparable with actual test observations. The amount m’ (the 
slip) of any one concrete for which the unrestrained contraction m has been 


=m —m’, to 


measured, and for which ye n, and ¢ for a given steel ratio, have been 


E, 
found by tests, is given by the equation i 
—1 
mi =m —eL tm YP )P 
age 


m — m’ 


e Bie Mose for the given steel ratio. 
m i= 7 


and the ratio 


How 4 State Law Hetrep Concrete Buitpine Units 
IN WISCONSIN. 


By D. R. Cortins.* 


We, in Wisconsin, are mighty proud of the quality of concrete products 
throughout the state. We should make good concrete products for nature 
has endowed us with an abundance of splendid aggregate. But, for many 
years, we slipped along in the easiest manner possible. Perhaps the fact 
that there was such an abundance of natural aggregate was largely respon- 
sible for only a fair quality of product produced. In spite of all propa- 
ganda and educational matter published on the use of screened and cleaned 
materials for the manufacture of concrete products, most manufacturers 
were indifferent. What they were using seemed good enough to get by, 
and above all, the low price appealed to them. 

Then came interest in a revision of the state building code relative to 
concrete products. Wisconsin was fortunate in having a state building 
code, but the section covering concrete masonry had been on the books for 
some time and was by many considered antiquated. News had filtered into 
the state about the almost incredible growth of the concrete building tile 
business in Detroit and of the development of cinder concrete in the eastern 
states. Under the Wisconsin code then existent the percentage of air 
space in concrete building units was limited to 33 per cent, and the absorp- 
tion percentage was limited to 10 per cent of the dry weight. Those 
restrictions would not allow either concrete building tile or cinder units 
of any description to be used in public or industrial buildings covered by 
the state building code. That the use of the units was basically sound had 
already been proved in other localities—so why not change the code so 
that they might be used? 

A meeting was called at the state capitol and presided over by the 
state building engineer in charge of enforcement of the code. Arguments 
were presented for the changes, but when the hearing was completed the 
building engineer gave the manufacturers to understand that any changes 
must be backed by their sincerity in seeing that the code was enforced, 
As the present code was still standing, it was the one with which they 
must comply. Concrete products were not in very high repute in Wisconsin 
at that time. Few men engaged in the business made any attempt to 
comply with the required tests and scarcely any took it upon themselves 
to see that the code was enforced. 

Not many months after the meeting referred to, a small group formed 
the Wisconsin Concrete Products’ Association with the avowed intention 
of bettering the quality of concrete products and at the same time securing 
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a state building code that would allow concrete products to be used more 
extensively in the construction of public buildings and places of employ- 
ment. Through the aid of the Portland Cement Association and the A. Oe dk. 
all data relative to the asked change in the code was collected and turned 
over to the state building engineer. But better still, this group of men 
started out in earnest to show their sincerity in code obedience and enforce- 
ment. There was a sudden rush of test specimens to the various labora- 
tories in the state. The offices of the Portland Cement Association began 
to receive numerous inquiries on making better concrete. Many of the 
first tests showed building units far below tlhe required standard and 
many of the subsequent tests showed units far above the standard. But 
by the second year of testing an astounding regularity appeared among 
the tests. The state code called for a compression of 700 Ib. per sq. in. on 
gross area. These second-year tests showed on an average between 900 and 
1,000 lb.—this excess being the safety factor the majority of manufacturers 
felt necessary. Testing laboratories that had tested perhaps half a dozen 
sets of block a year found it necessary to appoint a man to take charge 
of the increased testing. 

This apparent sincerity on the part of the concrete products manu- 
facturers was followed closely by the state building engineer. Copies of 
all tests, good or bad, were sent to his office. By this time his interest in 
concrete building units had come to the attention of the National Building 
Officials’ Conference and he was designated as chairman of a committee 
to draw up a model code covering the units for submission to that body. 
This served to intensify his interest, but put an added burden on the 
group in Wisconsin whom he could watch at close range. 

Finally the code was written and submitted for criticism to the group 
of Wisconsin concrete products men who had striven so hard to bring it 
about. A few rough spots were ironed out and the code adopted by the 
Wisconsin Industrial Commission. During all of the time the code was 
under discussion the manufacturers had been careful to see that their 
progress in the art of making quality concrete products was constantly 
brought to the attention of architects and contractors, and when the 
hampering limitations were lifted they were in a position to go after this 
class of business. 

The new code made no mention of air space or void content, and the 
paragraphs relative to absorption made possible the use of cinders, slag, 
or Haydite as aggregates. It was not long before a lighter weight unit 
began to appear on the Wisconsin market. Where light weight aggregate 
was not available, concrete building units with thinner walls and a greater 
void or air space content appeared. Concrete building tile put in an 
appearance. 

More air space in the units called for better concrete and better con- 
crete called for better manufacturing methods. The little group of pioneers 
who started the movement for a new code were ready for this and willing 
to pass on the results of their experiences. It was surprising the number 
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of so-called small plants who now rejected the bank run materials they 
had been using and demanded screened and cleaned materials. Sand and 
stone companies furnishing washed materials were forced to create grades 
suitable for concrete products manufacture. Conversation about plants 
suddenly became more intelligent. ‘Fineness modulus,” “water-cement 
ratio,” “time of mix’ suddenly became household words with even the 
average manufacturer. All through the state manufacturers set to it to 
produce a quality concrete. Many were greatly surprised at their reduc- 
tion in breakage and the real savings that could be effected by using brains 
in making concrete products. 

Testing laboratories again became swamped with test specimens. 
Where they had thought their limit had been reached in testing this class 
of material, they found the amount of it doubled. Quality concrete products 
had arrived in Wisconsin. ‘ 

Best of all, what was happening became known generally among archi- 
tects and builders. They now had confidence in a material they had 
thought suitable only for basements under small frame dwellings. More 
and more concrete building units were used in high grade work. In a 
few short years the concrete building unit rose from the position of a 
despised material to that of an accepted article. 

One great and lasting good that interest in securing the new code 
has brought about is a welding together of manufacturers operating in all 
sections of the state. They are operating under a common law and meet- 
ing common requirements. They have common problems and are working 
them out together. Local codes are being changed to comply with the 
state code. They have achieved a unity of purpose. 

And all the while these Wisconsin concrete products manufacturers 
are carefully studying better manufacturing methods so that they may 
economically improve their product, that they may always meet the Wis- 
consin building code and at the same time meet competition from other 
industries on an equal basis. 


DIscussion.—LAW AND BUILDING UNITS. 


C. L, Bourne.—I would like some information as to the value of the Mr. Bourne. 
state tests in Wisconsin in the promotion and sale of concrete products. 

D. R. Cottins.—The concrete product based on the state code has an Mr. Collins. 
almost inestimable value for advertising purposes. The state building 
engineer in writing the code placed a stamp of approval on concrete prod- 
ucts made in compliance with it. The Wisconsin Concrete Products Asso- 
ciation also issues a certificate of quality to manufacturers who meet the 
code requirements. The state building engineer places his name on the 
certificate and thus really backs up the claim that we are producing a 
quality product. 

In our advertising we feature that we are backed by the state of 
Wisconsin. Because of this we have succeeded in placing our product in 
a much better class of buildings than we were able to before. For jin- 
stance in my own business, we manufactured about 40,000 blocks of a 
particular type in 1923., We carried some of them over to 1924, and in 
1925 we still had a few of them in stock. On the other hand in 1926 and 
1927 we had one machine making this block continuously because we were 
getting into the class of building in which it was used. Another class of 
work which has opened to us is foundations for store and apartment 
buildings. Then the fact that we have a code with an absorption limita- 
tion that will allow cinder and other lightweight units has just opened 
up the lightweight market. All this progress hinges on the code. 
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EXPERIENCE IN THE Use or Ligut WEIGHT AGGREGATE IN THE 
MANUFACTURE OF CONCRETE MASONRY UNITs. 


By A. W. ScHEER,* MILWAUKEE, WIs. 


The Best Block Co., of Milwaukee, which has been making stone aggre- 
gate units for 13 years, became interested in the possibility of light weight 
aggregate for block manufacture and undertook its production, using the 
patented Haydite aggregate early in 1927 shortly after it came on the 
market in its territory. The first few months of production demon- 
strated the value of a light weight block and brought increasing demand 
for the product. This necessitated a remodeling of the plant which is 
now under way and a change in production methods, based on experiences 
and knowledge gained during the first months of operation. It is the 
purpose of this paper to discuss those experiences and problems raised 
in using this new material and to present the proposed changes in manu- 
facturing methods. 

The Aggregate.—The aggregate is manufactured by the Western Brick 
Co., Danville, Illinois, by burning shale similar to that used in making 
face brick. The shale is ground to 1% in. particles and introduced into a 
rotary kiln where it is pre-heated or oxidized at a temperature that will 
produce a vitrified external layer on each particle. When this point is 
reached, the material is placed under an impinging flame which rapidly 
brings the temperature to approximately 2,000 deg. F. thus causing a sud- 
den expansion of the combustion gases confined within the vitrified outer 
layer and causing a puffing out of the entire particle. The particles fuse 
to clinkers at this temperature and are discharged from the kiln as soon 
as possible after the expansion has taken place to prevent clogging the kiln 
with fused clinkers. The clinkers are crushed and screened into the graded 
aggregates. 

The resulting product is minutely cellular, and weighs approximately 
1,200 Ib. per yd. The aggregate is shipped in 70-yd. cars in two grades, 
the fine ranging from dust to 3/16 in. and the coarse ranging from 3/16 in. 
to % in. The manufacturers supply a %4-in. size for structural use. 

Plant Layout.—The aggregate is dumped from the cars into a 12x 12 
ft. conveyor pit, where it is passed to a conveyor belt which carries it to 
overhead storage bins. Using this method, two men can readily unload 
three cars of aggregate in a 7-hr. day. 

The same belt is used for conveying cement from cars to the storage 
floor by dropping the sacks from the car into a chute leading to the con- 
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veyor belt. This has been found to be an economical handling method 
using the same equipment and labor for both cement and aggregate. 

The belt runs on an 18 per cent incline and is entirely under cover, 
thus doing away with weather limitations on cement handling. The over- 
head storage bins empty into a 42-cu. ft. car which hangs from tracks and 
dumps directly into the mixer. The cement is stored on the mixer floor 
below the bins, thus making for an economical utilization of housing space. 

Equipment and Labor.—At present the mixer operator carries the 
cement and dumps it into the mixer. Under the proposed method, cement 
will be placed on rolling platforms holding 30 sacks of cement, which will 
eliminate hand carrying. 

The mixer is of a batch type, with 42-cu. ft. capacity and is proving 
entirely satisfactory. A stripper-type block machine is used. The labor 
requirement consists of one mixer operator, one machine operator, two 
carriers and one car handler. 

Mixing and Molding.—Originally a 1: 1:6 mix was used, but it has 
been changed to the present mix of 1:5:7. The change was made when 
more fines were added to the aggregate by its manufacturers. ‘The first 
cars of aggregate received were somewhat lacking in fines, a condition 
which has since been corrected. Three and one-half sacks of cement are 
used to one mixer batch. 

The amount of mixing water used varies slightly with the moisture 
content of the aggregate as in standard practice, but averages 35 to 40 gal. 
to the batch or about 10 gal. per sack of cement. Based on the water 
cement ratio, this would appear to be too much water, but the absorption 
of moisture by the aggregate seems to make this amount satisfactory and 
economical. The cement and aggregate are mixed dry for 4 minutes, at 
which time about one-half the water is added while the mixing continues; 
then the remaining water is added. The division of mixing water was 
found to be desirable for obtaining uniform distribution of moisture. The 
wet mixing continues for 5 min., the total mixing time being 9 min. 

Block made from this light-weight aggregate sets much more rapidly 
than stone units. In spite of the relatively large amount of water added, 
the mix is not plastic, and some difficulty has been experienced in getting 
the block to hold together after removal from the machine. Experience 
seems to show that rapid setting produces a better block apparently on 
account of the high absorption of moisture by the aggregates, which is 
available later for cement hydration and internal curing. 

The practice has been to tamp the block four times simultaneously. 
As previously stated, some difficulty has been experienced in getting the 
block to hold together after removal from the machine with this amount of 
tamping, and under the proposed method the block will be. tamped seven 
times alternately. Experience has shown that increasing the number of 
tamps increases the density of the block, but also increases the weight. 
Since light weight is one of the important features of masonry units made 
from this aggregate, any increase in weight is to be avoided. Thus it is 


438 Use or Ligot WEIGHT AGGREGATE. 


desired to maintain a balance between lightness in weight and sufficient 
density for the block to stand up after being removed from the machine 
and before curing. The proposed increase in number of tamps from 4 to 7 
will maintain a block of sufficient strength at only a slight increase in 
weight. 

Curing—Due to lack of curing rooms, air curing by sprinkling with 
water under a shed has been the method used. Present remodeling opera- 
tions include the installation of steam curing rooms where the block will 
be cured for 48 hr. 

Storage.—The blocks are piled with the-cores vertical except the top 
layer, which is laid with the cores horizontal. It has been the aim of the 
manufacturer to store the block for at least 30 days, but market demands 
have made this difficult at times. There has been a minimum of breakage 
trouble with cured block. . 

Finished Block.—The yield of finished block has been thirty 8x 8 x 16- 
in. block per sack of cement and 57 block per yd. of aggregate. Production | 
has approximated 3,000 units per day. Blocks produced by the above 
method weigh approximately 25 lb., having 4214 per cent air, space and ex- 
ceed the Wisconsin building code specification of 700 lb. per sq. in. in 
strength and meet the specification for absorption. 

Tests on units manufactured from this light weight aggregate for 
strength and durability, heat and sound insulation and fireproofing give 
very favorable results. The fire and fire-and-hose stream tests by the 
Underwriters’ Laboratories resulted in a 3-hr. fire retardent classification 
which is the same as other classes of concrete masonry units. It is 
interesting to note that these tests were made under a dead load pressure 
of 80 lb. per sq. in., the total load on the 10 ft. test panel being approxi- 
mately 39 tons. The maximum deflection toward the fire side during the 
tests was % in. After cooling, permanent bulging toward the unexposed 
side was 4% in. This may be compared with other concrete units which 
under the same test showed a maximum deflection, up to % in. in some 
cases, although the permanent bulging after the fire and fire-and-hose- 
stream test was approximately the same. 

Durability tests at the University of Wisconsin with 100 reversals in 
freezing and thawing give a 30-yr. rating. None of the block tested for 
compressive strength has fallen lower than the 700 Ib. per sq. in. specifica- 
tion and range from 700 to 1,000 Ib. per sq. in. As a sound insulator these 
units have proven superior to clay tile and to 214-in. gypsum plaster on 
metal lath. 

Conclusions.—The experiences of the Best Block Company in the manu- 
facture of building block using the light-weight aggregate, Haydite, indicate 
that with proper equipment and proper production methods a high-grade 
block of satisfactory strength and durability can be produced at a reagon- 
able cost. The product is finding a ready and steadily increasing market 
demand and the manufacturers consider that it has tremendous future 
possibilities, 
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C. A. Wiepxine.—Mr, Collins in his paper explained the co-operation Mr Wiepking. 
between the Wisconsin Industrial Commission and the manufacturers of 
concrete building units in Wisconsin. When the lightweight aggregates 
came into-the market there, Mr. Muehlstein, the building engineer of the 
Industrial Commission, wished to have some tests made on this material 
so that he would have some basis upon which to rest his approval. Accord- 
ingly he asked us at the University of Wisconsin to conduct freezing and 
thawing tests on these materials. We made those tests, beginning with 
cincrete, last August. They were completed in the month of December, 
and when I prepared my report for the Cincrete Company on their part of 
the test, Mr. Pitner made arrangements for presenting some of that infor- 
mation here. He asked me to prepare a brief summary of the results, 
which I will read to you at this time. 

The specimens consisted of a set of 12 blocks of the 8x 8x 16-in. size, 
selected by E. B. Bushnell of the Wisconsin Concrete Products Association 
from stock at the company’s plant. Half of the specimens were given 100 
reversals of freezing and thawing; the other 6 were tested for compressive 
strength in the ordinary way, three at 28 days and three at the end of the 
freezer run. 

The freezing test specimens were soaked in water, then placed in the 
freezing chamber until frozen solid. After freezing for a period of 5 hours 
or more, during which time the temperature in the freezer reduced to an 
average low value of 21 deg. F., the blocks were moved to a tank and 
thawed in water at 140 deg. F. for one hour. The blocks were cooled in 
water and put back into the freezer in the saturated condition, and the 
freezing and thawing was continued in like manner until 100 reversals had 
been made. Compression and absorption tests were made on the specimens 
from the freezer after the 100th reversal, and the results were compared 
with the values from the specimens that had not been frozen. Standard 
methods were followed in all the tests. 

In Tables 1, 2 and 3 are given some of the test values, taken from 
the original report. 

From these values it appears that the specimens did not lose strength 
in the repeated freezing and thawing; in fact, the average strength for 
the freezing test specimens was higher than for the sets not frozen. The 
low values for loss of weight indicate that the damage due to freezing was 
negligible. Careful inspection of the specimens after the freezing test 
gave no evidences of cracking, checking, unsoundness, or any other defect 
that might be expected due to freezing action. 
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This material proves to be durable in the freezing test in spite of 
its high absorptive capacity. Accordingly it is believed that the value of 
per cent absorption, even allowing for differences in unit weight of con- 
crete, should not be taken as a direct measure of durability. The char- 
acteristics of the aggregates must be considered in this connection. 


TaBLe 1.—ComprEssiIVE STRENGTHS BEFORE AND AFTER FREEZING. 


Compressive} Average 


Specimen | Age when | Maximum Strength, Strength, | ~ Remarks 
No. Tested Load, Ib. | |b. per sq. in2} Ib. persq. in2 
CAB ee 141,090 1115 Ordinary test. on block not frozen. 
Cee, 28 days 134,610 1063 2 
Clie 115,870 912 1030 
Clee 124,060 982 Ordinary test on block not frozen. 
Cree 109 days 136,270 1079 Stored dry after 28 days. 
Coren 134,480 1064 1042 2 
123,820 978 Specimens frozen and thawed 100 times. 
Her Lp Cured 28 days before first freezer run. 
6,14 12 
109 days) | 118'720 938 
128,980 1019 
161,360 1267 1123 


TABLE 2.—ABSORPTION VALUES BEFORE AND AFTER FREEZING. 


Value of Per Cent Absorption ; A 
Increase in 


Specimen 
No. ' Per Cent Remarks 
at 28 days at 109 days 

Coe: 21.6 25.0 ono Per cent absorption computed from dry weight 
Cade 18.5 22.4 3.9 in each case. Test on air cured block at 28 
Oris Sado 19.1 20.9 1.8 days. Specimens given 100 reversals of freez- 
CaS ee. 20.7 25.5 4.8 ing and thawing, and absorption test repeated 
C-10...... 19.3 25.2 5.9 at 109 days. 
(OVA ieee 19.9 23.5 3.6 

Average . 19.83 23.12 

TaBLE 3.—Loss or WEIGHT IN FREEZING REVERSALS. 

Specimen No, iv a.cece et eee C-2 C-4 C-6 C-8 | C-10 C-12 
Per cont L068. ...cessveiacarets 0.96 1.21 1.54 0.79 | 2.45 | 0.93 

Average Per Cent Loss.......... 1.31 per cent 


EINAR CHRISTENSEN.—The discussion by Prof. ©. A. Wiepking presents 
certain tests on the resistance of cinder concrete building units to freezing 
and thawing action. It occurs to me that it may be of interest to compare 
the results of these tests with the results of other tests made over a period 
of years, and I believe that such a comparison will point out certain factors 
which affect the resistance to frost action, 
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It should also be of interest to consider an important investigation 
made by Prof. H. Kreuger, dealing with climatic action on building mate- 
rials. Professor Kreuger introduces the so-called “wetness factor” as a 
measure for frost resistance, and his results will be found to be in agree- 
ment with the data on cinder concrete. 

The discussion leads to a criticism of our present absorption require- 
ment and suggests the investigation of the factors that govern the perma- 
nence of building materials. 


FREEZING AND THAWING TESTS ON CINDER CONCRETE. 


Briefly, the tests by the University of Wisconsin on cinder blocks made 
by the Cincrete Products Corp., Milwaukee, brought out the following 
facts: 

The compressive strength of blocks submitted to 100 freezing reversals 
was, on the average, 7.8 per cent greater than the strength of blocks cured 
under normal condition for the same length of time. The average loss in 
weight was 1.3 per cent, which may be accounted for by the dissolving 
action of the thawing water. The absorption of the blocks at 28 days 
averaged 19.83 per cent by weight, and increased to 23.12 per cent after 
100 freezing reversals. There were no visible checks or cracks, no loose 
surface particles and no indication of spalling on the block submitted to 
the reversals. Comparing the fractures of frozen and normally cured 
blocks, no difference could be noted. 

A number of freezing and thawing tests have been made on cinder 
block and cinder brick during the past seven years, partly to meet the 
requirements of building codes, and partly in connection with research on 
new mixtures. These tests supplement the interesting results of the Wis- 
consin test and furnish valuable information regarding the quality factors 
of cinder concrete. 

Some of the tests show a remarkable increase in strength of the cinder 
blocks submitted to freezing and thawing. A cinder block tested by the 
University of Toronto in April, 1925, showed an increase of 40.7 per cent 
after twenty reversals, while others tested by Columbia University in Dec., 
1924, showed an increase in strength of 16.25 per cent, 22.7 per cent and 
32.6 per cent, respectively, all based on parallel tests on air-cured speci- 
mens. 

It is not necessary to quote all the tests on record. It may be well, 
however, to point out that the increase in strength must be due to the 
curing action of the thawing water, and that the significant fact is the 
absence of cracking, spalling or other evidence of disintegration. In case 
of the abnormally high increase in strength, the specimens must have been 
cured at rather low temperature up to the time of the freezing test, thus 
showing a particularly large gain by the exposure to the thawing water. 

The tests seem to justify the following two statements: (1) That 
strength is not synonymous for quality; and (2) That the standard ab- 
sorption test gives no information regarding the resistance to frost action. 
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Compare for example two series of tests made by the Rochester Munic- 
ipal Laboratory, July, 1923, and Columbia University, Oct., 1923. In 
these series cinder brick were tested, made by the same process, but differ- 
ing in compressive strength and density: 


‘Rochester brick Columbia brick 

Freezing reversals ......... 42 20 
Compressive strength before 

freezing Vina eden sere ¢. 3;290 lb. 4,920 lb. (aver.) 
Absorption by weight ...... 15.8 per cent’ 6.34 per cent 
Absorption adjusted for 

weight according to A.C.I. 11.5 per cent 4.65 per cent 
Change in strength by freez- 

ing and thawing ........ 2.2 per cent INC. ~24.1 per cent LOSS 


If these brick were compared on the basis of strength and density, the 
Columbia brick would have been considered far superior and would be 
judged to be a concrete brick of exceptional quality. As a matter of fact, 
the Rochester brick would be rejected if the A. C. I. specifications were 
followed, as absorbing too much water. In resistant to frost action, how- 
ever, the Rochester brick proved to be far more permanent, and it may be 
doubtful that the Columbia brick would have survived 42 reversals. 

In Dec., 1921, the writer conducted certain experiments on the use of 
finely ground cinders in the making of smooth-face brick. The maximum 
size of the aggregate was less than 1% in. These bricks were tested by 
Columbia University and showed an average compressive strength of 3,035 
Ib., and an absorption of 13.61 per cent by weight, or 10 per cent adjusted 
for weight in accordance with A. C. I. specifications. In other words, the 
brick passed the requirements for strength and absorption, but when sub- 
mitted to freezing and thawing began to disintegrate at the fifth reversal 
and were completely destroyed at the twentieth reversal. 

Compare with this the Wisconsin block. Adjusting its absorption 
according to the weight, (84.5 lb. per cu. ft.), it is found to be 12 per 
cent, and the blocks would therefore have to be rejected by the A. C. I. 
specification as “not weatherproof,” while the above brick of 10 per cent 
absorption would pass. The Wisconsin blocks, however, passed 100 freez- 
ings and showed an increase in strength of 7.8 per cent. 

It seems obvious from this that the strength requirement and the ab- 
sorption limit give no information regarding the resistance to frost action, 
at least as far as cinder concrete is concerned. Their value as a measure 
for other qualities will be discussed later, but we shall first take up the 
question of frost action. 


Porosity, ABSORPTION AND Wernrss Factor, 
Most building materials are porous, containing a certain number of 
cells usually filled with air or water. The porosity may be expressed in 
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percentage of the total volume of the specimen—a percentage which we 
shall here designate by the letter P. 

Even when the specimen is submerged, the pores are rarely filled 
completely with water. The amount of water taken up by 4 days’ immer- 
sion may perhaps be considered an approximate expression for the ultimate 
absorption under normal conditions. We shall here express it in percentage 
by volume and designate it by the letter W. 

If a specimen containing water in its pores is subjected to freezing, 
the water will expand and will, when frozen through, have increased ap- 
proximately 10 per cent in volume. It would appear that if the pores and 
the water are distributed uniformly throughout the material, there will 
be room for expansion if only 90 per cent of the volume of pores were 
filled with water before freezing. In that case the material should be 
frostproof if W/P is less than 0.90. 

The problem is graphically illustrated in the accompanying illustra- 
tion which shows the relative percentages of solid material and voids in a 
fairly typical cinder concrete. It also shows the volume of water that may 
be absorbed by this particular concrete, as well as the volume of the ice 
formed from this water by complete freezing. In this case 5 per cent of 
the total volume are still open voids after the water is frozen. 


p5% Air 


=a = 
6/% Solid 


39 % Voids 


W/ 


YL/ 
6/ % Solid 6/% Solid 
‘yy 


VOIDS AND WATER AND ICE CAPACITY OF A TYPICAL CINDER CONCRETE, 


The factor W/P, and its importance as a measure for the resistance 
to frost action, was first suggested by Professor H. Kreuger. It will be 
seen that, according to the above reasoning, the resistance to frost action 
is not dependent on the absorption alone, nor on the porosity alone, but on 
the ratio between the water absorbed and the total porosity of the body. 

We shall here call W/P the wetness factor. W is the amount of 
water absorbed by 4 days’ immersion of the specimen expressed in per- 
centage by volume. Later we shall discuss whether this test is fair to 
materials of low capillary attraction. P is the porosity of the specimen 
expressed in percentage of the total volume. It may be determined as fol- 
lows: First, determine the volume of the specimen by measuring or by 
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the displacement method. Then crush the specimen to pass No. 200 mesh 
and determine the specific gravity of the powder by the use of kerosene 
in the ordinary Le Chatelier flask. By deducting the actual volume of 
solid from the volume of the original specimen, the pores may be deter- 
mined. As an example may be quoted a test made in Toronto on cinder 
concrete blocks: 


A B 
Volume-ofjspecimeninn. .. 0.22.4 ee 495.5 cc (sw re 
Volume of solid material .......... 302 ce 447 ce 
Volumeyonevoidsmentirrine anor Tee 192.5 ce 265.5 ce 
Volume of water absorbed .......... 154.0 ce 205. ~ ce 
Dd Bee arate i NL ci ne rein MEAL G9 38.8 percent 37.2 per cent 
WY Sines Se Nad HNN any ee NE, 0 A 31.0 percent 28.8 per cent 
WoW alaig. ait sarge ah eect a eee 80 itil 


INVESTIGATION BY PROFESSOR KREUGER, 


This investigation deals with climatic action on the exterior of build- 
ings, and is reported in No. 24 of the proceedings of the Swedish Academy 
of Engineering Science, published by A. B. Gunnar Tisells Tekniska Forlag, 
Stockholm, 1923. 

The scope of the investigation is large, but we are here mainly con- 
cerned with the question of frost action. The writer called attention to 
the paper in a previous study of cinder concrete building units, published 
last year, and it is understood that Committee C-3 of the A. S. T. M. is 
now taking steps to have the paper translated. 

In his investigation of the wetness factor, W/P, Professor Kreuger 
reaches the following conclusions: 


First: That neither the absorption nor the porosity alone may be 
considered an expression for the resistance to frost action. 


Second: That the resistance to frost action is dependent on the 
shape, size and distribution of the pores. 


Third: That a building material may be considered frostproof 
when the wetness factor, W/P, is less than .85. 

Fourth: That the material in the wall, exposed to the weather, 
may well contain as much water as it would take up by 4 days’ im- 
mersion. At any rate, this should apply to the outside layers of the 
wall. 


Professor Kreuger applies his wetness factor to 55 different brands of 
clay units submitted to 25 freezing reversals. In these instances he takes 
the loss in weight as a measure of the frost action, a procedure which may 
not be justified in case of concrete where the dissolving of part of the 
body does not of necessity indicate a weakening of the material, as shown 
by the Wisconsin tests on cinder blocks. 
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In the tests quoted by Professor Kreuger, the loss in weight was due 
partly to the spalling off of larger pieces and partly to the loosening of 
smaller particles of the material. It is unquestionably true that very 
fine cracks in the wall create planes of weakness which cause the wall to 
suffer particularly from frost action. Examples of this kind are very 
frequent. 

Arranging the clay products according to the wetness factor he finds: 


Number of 


Group Wetness Factor specimens Ay. weight loss 
1 0O— .69 8 .0 per cent 
2 -70— .79 10 -4 per cent 
3 .80— .84 13 1.2 per cent 
4 -85—1.00 23 3.5 per cent 


It will be seen that the group having an average loss in weight of 3.5 
per cent is by far the greatest. The highest loss was 30.8 per cent, the 
second highest 17.1 per cent—which may be considered equal to practical 
destruction. 

If the 55 samples of clay products are arranged according to the ab- 
sorption of the specimens, it will be found that this arrangement gives no 
idea of the relative resistance to frost action. For example, a unit absorb- 
ing 41.8 per cent water by volume was far more frost resistant than a 
unit absorbing 29.9 per cent by volume. The former had a wetness factor 
of .80, the latter a wetness factor of 1.00. 


COMPRESSIVE STRENGTH AND ABSORPTION. 


The compressive strength of a building material is naturally of the 
greatest importance in determining its structural fitness. In case of 
masonry units, the ratio of wall strength to unit strength and the ques- 
tion of the stability of the wall should be considered. 

Strength, however, is not synonymous for quality and, as far as con- 
crete building units are concerned, the necessary strength is readily ob- 
tained. It is my experience that too much emphasis is laid on the struc- 
tural strength of a masonry unit, with the result that we forget the other 
functions which the unit has to perform in the wall. 

Briefly, the perfect wall must be permanent, it must possess a cer- 
tain amount of heat insulation and sound absorption, and it must not be 
prohibitive in cost. 

Placing before an engineer the two products previously discussed as’ 
the “Rochester brick” and the “Columbia brick” he will generally select 
the latter as being the best unit. Its strength is much greater, its density 
is much greater, therefore it has a greater factor of safety. But the factor 
of safety in a 5,000-Ib. brick is uncalled for in ordinary construction, and 
the 3,000-Ib. brick will perform just as well. Furthermore, the latter brick 
is cheaper to make, is more insulating, lighter in weight, and far more 
permanent when exposed to the weather. 
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I have no criticism to offer regarding the 1,500-lb. requirement for 
concrete brick or the 700-lb. requirement for concrete block and tile. Past 
experiences seem to have justified these limits. But I am daily concerned 
with the erroneous idea that any strength in excess of these requirements 
is an indicator of superior quality. 

The absorption limit of the A. C. I. specifications is a more serious 
matter. It has been pointed out in the foregoing that the absorption does 
not furnish any measure for the weather resistance of a product, and the 
investigation by Professor Kreuger supports this contention generally. 
An absorption limit which would brand as “not weatherproof” a building 
unit successfully passing 100 freezing reversals is obviously absurd. This 
seems to have been realized by Committee C-3 of the A. S. T. M. in omit- 
ting the absorption limit from the tentative standards proposed at the 
1927 convention. It is to be hoped that the American Concrete Institute 
will follow with a similar action, or at least submit the problem to a 
serious investigation. The present limit is arbitrary and evidently wrong 
in view of the facts on hand. 

It is probable that there is a certain relationship between strength 
and density in case of concrete made from a dense aggregate. No such 
relationship has been found to exist in concretes made from cellular 
aggregate like cinders. If it did exist, the strength requirement alone 
would be sufficient. 


SUGGESTIONS FoR FUTURE RESEARCH. 


Professor Kreuger’s investigation of the permanence of building mate- 
rials involves a tabulation of weather conditions throughout Sweden, an 
examination of existing buildings and a laboratory study of the factors 
which are found to influence the resistance to climatic action. 

It is not within the scope of this discussion to consider other ques- 
tions than those related to frost action. At the same time, I cannot refrain 
from pointing out the need of a general study of climatic action on building 
materials in this country. Natural stone, clay products, coneretes made 
with dense and cellular aggregate, stucco and other exterior finishes are 
used throughout the United States, and evidently supposed to be equally 
permanent in all places. 

With particular reference to the wetness factor, W/P, the following 
questions need study: 

(1) Amount of water actually taken up by a building material when 
exposed to the weather. The distribution of this water when the wall has 
reached an equilibrium. The possible movement of this water due to tem- 
perature differences and other factors. 

(2) A laboratory test to determine the true absorption W. In the 
foregoing we have assumed that W is equal to the amount of water taken 
up by a 4-days’ immersion test, and this seems to be true for materials 
like clay products of high capillary attraction. It is doubtful, however, 
that it applies to cellular materials. Cinder concrete, for example, has a 
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limited capillary attraction due to the shape of its pores. Cinder blocks 
have been placed in water to a depth of 1 in. and left in this condition 
for a month or more without raising the water to a height greater than 
20-25 per cent of the specimen. In the same manner, a steady stream 
of water has been applied to exterior of a cinder block wall for days with- 
out penetrating the wall. The action of water under pressure, or water 
subject to the force of grayity, should not be confused with the action of 
water subject to capillary force. At the same time, as long as the exterior 
layers of a wall may be saturated, frost action may take place. For that 
reason it may be found that the 4-day immersion test is justified. ; 

(3) A further study of the porosity of building materials in case of 
concretes made from cellular aggregate. It should be investigated whether 
all of the pores are open to give room for the expansion of the water by 
freezing. 

(4) Parallel tests on resistance to freezing action, porosity and water 
absorption, to study the value of the wetness factor, W/P, as a measure 
for permanence. It would be of the greatest interest to conduct freezing 
tests on small wall sections, moistened under conditions resembling natural 
exposure to rain and temperature changes in the proximity of the freezing 
point. Microscopic investigations should be made in order to determine 
the influence of size, shape and distribution of the pores. 

I. OESTERBLOM.—A conference about light-weight aggregates would not 
be complete, unless the lightest of all were mentioned, namely, the common 
air around us. The use of air for an aggregate is specially important, 
because it creates a very different concrete with properties distinctly differ- 
ent and a combination of properties not often found in one material. Take 
“Aerocrete” for an example, which is an aerated or expanded concrete. 
The use of this material solves one of the old and ugly problems of engi- 
neering in a most graceful manner. It has light weight (standardized at 
50 lb. per cu. ft.) ; it is fireproof and very specially so, more fireproof than 
ordinary concrete; it is heat resisting; it has distinct structural value; 
and it is at the same time very specially sound proof. The above combi- 
nation of properties is unusual and offers a solution of the old problem of 
how buildings should be properly sound-proofed without the sacrifice of 
strength and fireproofing ability. 

At Massachusetts Institute of Technology experiments were made 
showing that there was only three-tenths of one per cent sound transmission 
through a 3 in. plastered Aerocrete partition. This means, translated into 
common terms, that the most infernal noise that could be produced on one 
side of a partition would be barely perceptible on the other side. It also 
means that the structural frame could be completely isolated so that all 
absorbed vibrations would be transmitted into heat energy and slowly 
dissipated. 

There are many other materials which would stop the sound as well, 
but none which at the same time are fireproof and have a structural value. 
The strength of Aerocrete reaches as high as from 400 to 600 lb. per sq. in. 
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in direct compression and even more in bending. This makes it more than 
satisfactory for partition work. ‘Three-inch partitions will stand up well 
as high as 13 ft. in height, and are far better heat and sound insulators 
than 4 or 5-in. partitions of any other structural material now in common 
use. Fireproofing tests have been made at Columbia University showing 
only a small rise of temperature above normal with a 1700 deg. fire sus- 
tained for 4 hr. on the far side of a 4-in. Aerocrete slab. The fire stream 
tests were also satisfactory and the erosion small. Incidentally, the slabs 
were reinforced the same as ordinary concrete and were loaded with 600 lb. 
per sq. ft. as a matter of special curiosity.. The spans were about 8 ft. 
center to center, and there were no signs of distress at any time. 

Heat insulation is also excellent. As compared to ordinary concrete 
it is from 8 to 9 times as effective and 4 times as effective as brick. It is 
even better than wood or gypsum, and most excellent, therefore, even for 
outside walls. Six-inch Aerocrete walls are much warmer than 13-in. brick 
walls and have all the strength required for wall-bearing construction in 
moderate dwellings and similar structures. 

Aerocrete is as waterproof as ordinary concrete and will absorb water 
only to the extent of 1 in. or so, if used as outside walls. Aerocrete offers 
an unusually good bonding surface for both cement stucco or common wall 
plasters. The material can be pre-cast or field-cast to suit convenience. It 
can be sawed into blocks by an ordinary carpenter’s cross-cut saw, it can 
be split by a trowel, or chipped, and formed to any shape. Holes can be 
drilled as into wood and nails also driven with a fair holding power. 

J. C. Wirx.—I would like to ask how the selling price of these blocks 
compares with that of ordinary blocks? 

BENJAMIN WiLK.—I would like to ask about the segregation of the 
ageregate, both at the time the car is unloaded into the bins and at the 
time the car is taken out of the bins? 

JAck FRANKLIN.—-In reply to that first question, I will say that the 
price on 8 in. units varies from 15 to l6c. for a gravel block; Haydite is 
selling for 18c. In reply to the second question, there was at first some 
trouble in the grading of the aggregate. Then trouble with segregation was 
experienced when elevating the aggregate and dropping it into the bins. 
The discharge point is now placed as low as possible to minimize the drop, 
and segregation does not now occur. 

BenJAMIN WiILK.—I would like to ask Mr. Christensen how they 
determine the porocity. 

EINER CHRISTENSEN.—They determine that by first determining the 
volume of the specimen. Then, after grinding to pass the 200 mesh sieve, 
they determine the specific gravity which makes available the volume of 
the actual solid material in the specimen. This deducted from the volume 
of the specimen gives the void space. 

W. C. Harrineron.—I would like to ask Professor Wiepking if he has 
ever had any similar experience on other aggregates in cinder concrete so 
far as freezing and thawing tests are concerned? 
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C. A. Wirrkine.—The only two that were used in this test were 
haydite and cinder concrete, and the results of the tests showed that both 
of these materials passed the freezing test at 100 reversals. The Industrial 
Commission has approved these materials for regular use under the Wis- 
consin building code on the basis of these tests. I have had no experience 
with any other materials than those. 

J. C. Pearson.—I think this is a most interesting discussion that we 
have had from Mr. Christensen, because it points out some of the fallacies 
in this absorption test. I am struck by the analogy between this absorption 
test and the commonly specified tensile test on portland cement. They are 
neither of them any good, but they are used because they are easy and 
cheap to make. The absorption test is really worse than the tensile test, 
because the use of the many types of waterproofing materials may upset 
the results entirely. 

S. H. Incnerc.—In determining the porosity of a product for the pur- 
pose of obtaining the wetness ratio, it appears doubtful whether the whole 
void space inside of the unit should be included. I believe the work of 
Professor Kruger was based mainly on clay products where the void spaces 
were quite small, sufficiently so to draw water by capillary attraction. In 
the case of these larger void spaces, it does not appear that the same con- 
ditions apply; they are too large for capillary action and they simply are 
spaces outside of the structure of the body as such. Another point relating 
to porous products refers to what might be called storm resistance as dis- 
tinct from resistance to disintegration from freezing and thawing. A 
product may be satisfactory from one standpoint and still be too porous 
for use in a driving rain. 

EINAR CHRISTENSEN.—Professor Kruger’s investigations dealt mainly 
but not altogether with clay units. In regard to cinder concrete, I find 
that while many of the cells are more or less closed, you can nevertheless 
force water into them. I think that is what explains the increase in 
absorption which Mr. Wiepking reported from the Wisconsin tests. Kvi- 
dently some of these pores had been opened up. It is an important matter 
to study the distribution and shape and nature of the pores, to find out 
whether this wetness factor is of any significance. 

C. A. WispKING.—We are apparently getting down to the point where 
we are studying the internal structure of concrete and concrete units, and 
whether we have good results right now or not does not matter so much. 
The encouraging point is that we are beginning that kind of a study. Just 
as the study of the internal structure of iron and steel has caused tremen- 
dous progress in that field, just so will this study of the internal structure 
of concrete result in great advances. 

I. OrsTeRBLoM.—Especially in reference to this internal structure, I 
would like to refer to some of my experiences which have been to a very 
large extent in the tropics. In India, I found, much to my surprise, that 
the very best engineers refused to become enthused about concrete. They 
said that concrete was a most unreliable product, and particularly so when 
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they had to deal with water construction. I found that the destruction 
was particularly severe on the western coast of India and in the southern 
part of Ceylon. I also found some severe destruction in Mysore and Singa- 
pore, but I found that it was not so bad in Calcutta and that fairly good 
results were obtained in Burma. I believe—and I mention it because I 
think it has some reference to this internal structure—the trouble was 
that during the 3 or 4 months of monsoon season water soaked into all 
the concrete. After that comes the sun to burn and dry everything out. 
This continues for several months. The change from wetness to drought 
destroys the concrete. This explains, I believe, why the engineers over 
there refuse to have anything to do with concrete. If this association is 
taking up the study of internal structures I thought possibly these few 
words in reference to this matter might be of interest, and that they might 
be kept in mind in carrying on the study. 


“ 


DRYING CONCRETE Brick To TAKE OUT THE SHRINKAGE. 
By L. KE. GRUBE.* 


With the increasing necessity of late fall and early spring productions, 
we were confronted with a peculiar situation in the manufacture of con- 
crete brick, that is, the drying of the brick after the steam cure process. 
Under ordinary summer weather, we had experienced no difficulty, but after 
the cold weather set in, it at once became difficult to dry the brick, so as 
to make ready for delivery or for the stock pile purposes. This was par- 
ticularly true when outside weather conditions dropped to about 50 deg. F. 
or below. The first thing that came to our minds was the fact that for 
concrete brick or concrete units to dry, it was necessary to have air cur- 
rents. It was also remembered that summer temperatures were on an aver- 
age of about 75 deg. F. Accordingly, besides an electric-driven fan, capable 
of changing the air in the curing tunnel about once every forty-five seconds, 
provision was made for heat by installing steam coils. 

The length of each of the four curing tunnels is approximately 59 ities 
the width about 8 ft., the height on one side about 6 ft. 9 in., and on the 
other side about 6 ft. This gives the roof of the tunnel a slope of about 9 
in., providing drainage for the condensed steam. 

The fan was mounted on a rack about 5 ft. from the floor. The rest 
of the rack was encased with a 15-in. high opening at the bottom, so that 
the fan would get air from the floor, take it through the encased rack and 
blow it into the tunnel. This arrangement did not prove satisfactory, and. 
a unit-heater was substituted. 

A unit-heater resembles an automobile radiator. It has copper tubes 
that run in a horizontal direction and around each copper tube is wound 
a helical brass fin, which increases the heat radiating surface about 300 
per cent. The unit-heater that we have installed is about 30 in. sq., and 
about 10 in. thick. Steam is admitted at the top, and the condensation 
drained at the bottom, through a trap, which returns the condensation 
back to the boiler. This heater as installed, can deliver 500 sq. ft. of radi- 
ation. According to the size of our tunnels, the heat required to bring the 
tunnel to 75 deg. F., with zero temperature outside, is 125 sq. ft., which 
takes into account the evaporation which will take place in order to rid 
the brick of the moisture retained from the steam cure. Thus we are get- 
ting four times the amount of heat necessary for the size of the tunnel. 

The heater was mounted on a portable chassis and directly in back of 
it on the same chassis, the fan, which we had used previously, was placed. 
This heater and fan combination was placed as near to the floor as possible 
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and. still permit the condensation from the heater to drain back to the 
boiler. The air supply was to be taken from the outside, so we encased 
the fan air tight, and then cut a hole 12 in. in diam. in the rear of the 
box. We also cut a 12-in. hole in the tunnel door and put a 12-in. gal- 
vanized iron sleeve from the box through the door, to give us our source 
of fresh air. On the other end of the curing tunnel we built a 16-in. sq. 
air duct, from which the escaping air was led into the shop. 

‘For those times when it was necessary for production purposes to 
force the entire drying system we also arranged an exhaust fan that 
could be attached to the air duct by means of a galvanized iron sleeve. 
This system working satisfactorily, we made the whole system portable by 
putting casters on the heater and fan combination as well as on the exhaust 
fan. From this it can be seen that all that was necessary was to pipe 
the steam lines to every tunnel, and then just move our portable drying 
system. Having tested this system for about a year, we find that we are 
getting drier bricks with this system than we do with ideal summer weather. 

As yet I have said nothing about the shrinkage. It may seem, when 
you look at a concrete brick on a stock pile or on a job that it is dry, but 
most generally, like other beauty, it is only skin deep. The surface to a 
depth of about % in. is dry, but from that point to the center of the 
brick you will still find moisture. If bricks such as that are laid in a wall, 
and weather conditions are dry, the thing that results is that the brick 
dries out, and as they do, they shrink, resulting in cracks in the wall. 
The cracks in the wall are not always along the mortar joint, but most 
generally through the unit itself. Many cracks in concrete masonry walls 
are due to this very cause. However, with the drying scheme just outlined 
we have found through close observation that bricks so dried show very 
little moisture in them, a small area in the center of the brick about the 
size of a quarter being all that can be found at the most. 

In this discussion I have referred only to concrete brick, since we are 
manufacturing only brick. Nevertheless, the same scheme can be used on 
any concrete masonry unit. 
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BENJAMIN WILK—Are these brick built on one pallette? 

L. E. GruBE.—One pallette. 

BENJAMIN WILK.—Do you find a difference in the moisture content at 
the points where the brick is in contact with the pallette from those where 
it is free from the pallette? 

L. E. Gruse.—No sir. 

Newton D. Brnson.—Is this heating process necessary in warm 
weather, or is it only applied through the winter? I have been making 
brick for some time and I find that by letting the brick cure 40 or 50 
days in the stock pile in good weather I experience no difficulty of that 
kind. 

L. E. Gruse.—We have used the drying process chiefly during cold 
weather, although when we have peak conditions we use it in the summer 
as weil. 

Newton D. Benson.—How long do you store the brick in the yard 
after your drying is finished? 

L. E. Gruse.—Our storage with this system is probably at a minimum. 
Often we take the units from the drying process direct to the job. Our 
stock pile at no time contains more than 200,000 bricks. 

Newton D. Benson.—Is your outside stock pile under cover? 

L. E. Grupe.—Yes, under a shed. 

©. F. CuapmMan.—I did not notice in the paper, but I understand that 
there are four curing rooms and that in drying they move the drying sys- 
tem from one to another. How long do you leave it in each one? 

L. E. Gruse—With the size of our curing tunnels, it takes about 24 
hours to dry. 

J. L. Miner.—Has this process been tried on large-sized units, and if 
so, ie it been found necessary to vary the time of curing? 

_ E. Grupe.—lI have only tried the system on bricks. However, I 
ae that the scheme is being used for units as large as 12 in. blocks. 
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Heavy Dury ConcrETE Fioors. \ 
By C. E. Covetu.* 


The subject discussed in the ensuing paragraphs represents one of the 
most troublesome of the many minor problems which fall to the lot of 
building contractors. Briefly stated this problem involves the construction 
of concrete floor surfaces which will not dust or show an undue amount of 
wear over a reasonable term of years under the severe and sometimes 
exceedingly destructive service incident to modern industrial occupancy. 

A good concrete floor for ordinary industrial use must embody two 
essential characteristics: First, strength to resist compression and shear 
in the slab due to static loads of machinery and stored materials and to 
the concentrated wheel loads of moving trucks; and, second, resistance to 
surface wear and dusting due to impact and the abrasion and crushing of 
the surface particles caused by truck wheels, the shoes of the workmen and 
loads dragged over the surface. 

The first of these requirements is easily attained by using a proper 
slab thickness, adequate reinforcement and care in producing a uniform 
concrete of predetermined strength. The second, however, is far more 
difficult to secure even when extreme care is exercised. This is especially 
true in industrial building where the processes require the use of steel 
wheel trucks which not only tend to crush the surface but also to cut and 
gouge as the trucks are turned. 

It may be conceded that under ideal conditions of temperature and 
humidity and where exceptionally good aggregates are readily available, 
special processes of surface finish and even standard methods ean result in 
concrete floor surfacings which will compare favorably with any known 
substance ordinarily used as flooring materials. The real problem, how- 
ever, is to produce invariably good results with materials found within 
easy hauling distance of the job and at a price little, if any greater, than 
the cost of the usual methods of finishing. In spite of the fact that floors 
are the only part of a structure which take heavy and continuous wear 
and that they are difficult to repair without interruption of the operations 
of the plant, most owners hesitate to spend extra money for finishing 
processes which will provide additional durability, 

Concrete is a singularly attractive medium for finished floor construc- 
tion because of its inherent possibilities of economy in first and ultimate 
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cost, fire-safeness, high resistance to all ordinary industrial processes and 
a degree of sanitation not possible in more absorbent substances. It is 
the only flooring material which can simultaneously combine the functions 
of a wearing surface and a load-carrying integral part of the structure 
itself. Its use in increasing millions of square feet annually of floors 
attests its present popularity. Yet all of these advantages, and even its 
continued use may be jeopardized unless some economical methods can be 
devised to overcome its one fault, namely, this all too frequent tendency 
to dusting which often starts soon after the floors are placed in service 
and which indicates a more or less serious lack of resistance to wear. 

In a construction experience which extends back over a term of more 
than fifty years, the company which the author of this paper represents 
has laid millions of square feet of concrete floor surfacings in buildings of 
industrial type. At first these floors were built of foreign-made cements 
but within the past twenty-five years the advent of high quality American- 
made portland cement has resulted in its substitution for the foreign-made 
product. Observation indicates, however, that the origin of the cement 
does not play a material part in the problem. 

Naturally an experience of fifty years’ duration has resulted in a 
certain amount of improvement in the initial processes and methods of 
building floor surfacings but it is a curious fact that in spite of all that 
has been observed and learned as to the behavior of concrete floor sur- 
facings the early problems of dusting and excessive localized wear are as 
fresh today as ever. Even under the best recommended practice of building 
this type of surface, the degree of uncertainty is still very great. In fact, 
our experience over the past five years seems to indicate that it is vir- 
tually impossible to obtain a surface of uniform freedom from dusting and 
resistance to wear under the usual practices of laying whether the surface 
be a monolithic finish or one using a separate top course of similar com- 
position. Our experience in this regard seems to be similar to that of 
others with whom we have discussed this problem. 

In 1923 we undertook a rather extensive survey of the whole question 
of concrete floor surfacings with the result that the following facts were 
developed: 

1. The cost of concrete floors in our standard buildings averaged 
15 per cent of the total cost of the structures. 

2. Placing these floors in the ordinary accepted fashion resulted in a 
considerable expense annually for repairs and replacements. 

3. Floor repairs and replacements could offset the profits on any job 
and in some cases exceed them. 

Such a condition certainly demanded immediate and definite action. 
As a first step, we got in touch with the Portland Cement Association and 
outlined the situation. We received their whole-hearted co-operation. 
After considerable study with them, we published a bulletin on concrete 
floors for the use of our superintendents which reviewed the results of our 
past experience and gave definite instructions on the methods of handling 
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certain features of concrete floor work. The features which received special 
stress were: 

1, That no concrete should be poured using a wet and sloppy mix but 
that it should have such a consistency that screeding and floating would 
be required to bring water to the surface. 

2. That concrete must be mixed for not less than 1% min. and longer, 


FIG. 1.—GRINDING FLOOR OF AN INDUSTRIAL PLANT, 


Bottom casting turns on vertical shaft. Carborundum stones are used 


as the grinding material. Floor is kept flooded with water to facilitate 
grinding. 


if possible, up to 2 min., calling attention to the fact that concrete mixed 


for 2 min. was about 35 per cent stronger than when mixed for 4% min. 


3. That properly graded aggregates was very necessary and that 
aggregates for floor work must be strictly in accordance with our speci- 
fications. 


4. That proportions specified must be followed strictly and that no 
attempt be made to save cement. 


5. That it was very important to test the fine aggregate for organic 
impurities in accordance with instructions given. 
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6. That only trained, qualified men were to do the floor finishing. 

7. That floors were to be troweled as little as possible commensurate 
with a smooth surface. 

8. That absolutely no “drier” was to be used in surface finishing. 

9. That floors ‘should be properly cured for a period of at least 10 
days, or longer, if possible. Data of the Portland Cement Association 
were furnished and attention directed to the fact that proper curing in- 
creases the strength and resistance to wear very materially. 


FIG. 2.—PLACING THE ]-IN. TOP COAT OF 1: 2 MIX IMMEDIATELY AFTER THE 
POURING OF THE BASE, 


Surface is wood-floated and then steel-troweled to prepare for grinding. 


We soon registered a marked improvement in the quality of our work, 
but even after this determined effort to secure better floors, we found we 
had to go still further to get the desired results if we were to continue to 
use concrete floors under rather severe trucking conditions. 

With this in view, we made tests on many different sands available 
4or concrete work all over our eastern district and found in every case 
enough very fine soluble or insoluble matter to authorize the statement 
that there is no commercial concrete sand available in the East that we 
would say is 100 per cent suitable for the wearing surface of concrete 
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floors which are to be monolithically finished by screeding, wood float, 
and, finally, with a steel trowel. 

In examining these sands, we used test boxes 2 ft. square and 4 in. 
or 5 in. in depth which were filled, screeded, floated, and troweled in the 
usual floor-finishing manner. In almost every case, the very fine matter 


sosgetormeesicncserts 


FIG. 3.—MACHINE USED IN MAKING ABRASION TEST ON FLOOR AT 
NORRISTOWN, PA. 


Note the weight over each wheel. 


contained in the sand was brought to the top or wearing surface of the 
slab by this ordinary process of finishing. On several test blocks % in. 
of very fine material was deposited in the bottom of the box before the 
coarse aggregate was put in, this fine material being removed from a 
larger amount of the coarse aggregate by screening. It was found that the 
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suction developed by the floating and steel trowel finishing was sufficient 
to bring a large percentage of the fine material up to the top of the slab, 
especially if an excessive amount of water was used in mixing. 

Further (even when this excess amount of water was very slight), we 
found that it had the effect when brought to the top by screening and 
floating of carrying off the cement in the very top of the slab after the 
darbying process, leaving the wearing surface virtually devoid of cement. 
Then, when the cement drier was applied in accordance with the usual 


FIG. 4.—FULL VIEW OF TRACKS MADE BY WHEELS IN ABRASION TEST. 
Note small amount of wear and the sharp edges of tracks. 


practice, to take care of the remaining water on top of the slab, or to get 
the slab in a workable condition, there was formed what appeared to be a 
very hard surface under the steel trowel but which in reality was com- 
posed of only the drier on top and directly beneath the fine material 
which, as before described, had been brought to the top of the slab. These 
tests but confirmed our observation of the causes of failure of some actual 
floors. 

These tests also proved that under no circumstance can a drier be 
safely used on a concrete floor later than one-half hour after the concrete 
has been deposited in place. We all know that it is a common practice of 
cement finishers to use a cement drier sprinkled over the top of the slab 
to absorb excess water as late as one to three hours after the mixing and 
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placing of the concrete. Our tests proved conclusively that it is absolutely 
impossible to get a hard wearing surface when this practice is followed. 

With the idea in mind that it was entirely reasonable and possible to 
improve the quality of concrete industrial floors at no increase in cost and 
having made these tests and observations, we came to the only natural 
conclusion, i.e., that it is simply a choice of two methods: 

1. To secure a sand that is absolutely free of loam organic impurities, 
or the fine material. Our investigation of sands showed that it is possible 


FIG. 5.—CLOSE VIEW OF TRACKS MADE IN ABRASION TEST, 


Texture of worn surface is exaggerated. If whole floor were to wear 
this way it would still be considered a good, smooth factory floor. 


to get good material at three or four different points in the eastern dis- 
trict which would serve our entire territory in the East but that the cost 
would be prohibitive as there would be required the installation of special 
washing machinery and screens to take out the fine material and that the 
sand would have to go through a triple washing operation in order to be 
sure that all the fine material was removed. This increased cost of the 
sand would add from three to five cents a square foot to the cost of the 
finished floor depending on the location of the work. 

2. To use a sand which meets the specifications for concrete sand for 
other types of work, if, after the floor was finished, we could remove the 
skin of poor material on the surface by grinding. We decided to give this 
second method a trial and first used it on an industrial plant in Virginia. 
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In this case we had a monolithic floor laid directly on grade. The 
floor was 5 in. thick and unreinforced except at machinery pits. The con- 
crete mix was 1: 2: 3% using local sand which contained a large percentage 
of material too fine for the purpose and a crushed limestone ranging in size 
from % in. to 1% in. This stone contained small particles of shale or 
clay material. No attempt was made to place any type of topping. The 
concrete merely being mixed quite dry, placed in position and struck off 
with a straight edge, a tamper, and a long-handled darby to a fairly level 
surface. The floor was cured under wet sawdust. The grinding was started 
when the floor had cured for 5 days. 

The finishing process was carried on by the use of three hand-operated 
electrical grinding machines and sand as an abrasive material was used 
under the cutting heads of carborundum to assist in producing a smooth 
surface. Plenty of water, however, was used during the grinding operation. 
No attempt was made to produce a true and even-textured surface, the 
desire being merely to remove all dirt, laitance, and float marks left by 
the straight edge and darby. This resulted in a floor which showed areas 
resembling a fairly good trowel job and other areas where the aggregate 
was exposed. There was a small amount of pitting due, in all probability, 
to the clay content of the aggregate and possibly to accumulation of fine 
sand in pockets which were picked up under the grinding. 

Accurate costs were kept on the work and it was found that this 
method of finishing was costing only slightly more than one cent a square 
foot, including labor, machinery rental, supplies, and power. The cost of 
the rough base was also quite low because little if any overtime was 
required in producing a surface smooth enough for grinding. From this 
first job and several succeeding ones where the floors were laid in about 
the same manner, and totaling about 1,000,000 sq. ft., we learned a number 
of important facts, viz.: 

1. At least ten days must be allowed to water cure the floor before 
grinding it. 

2. Coarse aggregate containing any considerable amount of flat elon- 
gated particles or of soft particles will cause pitting of the surface when 
the floor is ground. 

3. The top surface of the concrete floor must be of a richer mix than 
that obtained by the use of a 1:2: 3% or 1:2:4 concrete. 

4. The use of a smaller maximum size of aggregate in the top will 
give the finished floor a more uniform appearance. 

We then revised our specifications to incorporate these changes and the 
floor of the building for the Wildman Manufacturing Company at Norris- 
town, Pa., was laid with a base course 4 in. thick of 1: 3:5 concrete, 
placed with 2 in. slump. This base was leveled off and immediately a 
1: 1:1 top coat, consisting of cement, concrete sand, and pea gravel was 
applied to a thickness of 1 in. This top coat was placed also with a 2 in. 
slump. This topping was leveled off with straight edge and finished with 
a wood float and a single application of a steel trowel. The surface was 
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then covered with wood shavings and kept wet for 10 days. At the end of 
this curing period, grinding was started, it being done from 10 days to 
3 weeks after the placing of the concrete. This floor turned out to be 
in appearance and apparent hardness, vastly superior to any floor we have 
ever laid, the surface being smooth, hard, close-grained with apparently no 
dusting. Average costs for all of the floors finished in this manner to date 
approximately 1,200,000 sq. ft. are under 314 cents per sq. ft. which 
includes cement finishers’ labor for straightening, floating and finishing 
and all expense of grinding, viz.: grinding machine rental power, grinding 
discs, ete. 

Floors using a separate 1: 2 topcoat were placed so recently that 
naturally we did not have any information as to its resistance to actual 
severe trucking and other abuses of factory operations over a period of 
years, but to obtain an idea of its wearing quality a trucking or abrasion 
test was conducted about a month and a half after the floor was com- 
pleted. The apparatus consisted of a heavy table about 30 in. high sup- 
porting a motor and reducing pullies and shafting to give a slow turning 
motion to a vertical shaft placed near the end of a heavy timber extending 
from one corner of the table. This shaft near its upper end ran in a box 
fastened to the side of the timber and its lower end was held in place in a 
foot-block fastened to the floor. Near the bottom of the shaft was keyed 
a horizontal plate from which extended, 90 deg. apart, four arms fastened 
loosely to the plate so that they were free to move up and down slightly. 
Underneath the outer end of each arm was fastened a steel truck wheel. 
These wheels were 214 in. wide and 6 in. in diameter and the wearing face 
was slightly convex. The wheels were spaced so that in turning thev 
described circles of 48, 44, 40, and 36 in. in diameter. Therefore, no two 
ran in the same groove. On the arm over each wheel was placed a weight 
of 100 lb. This would equal a live-load of 300 lb. on the common three- 
wheel factory truck wheel which is probably more than the average actual 
load. 

The apparatus was geared to give the wheels a speed of 15 r.p.m. The 
test was, continued for four consecutive days and ran for a total of 26 
hours. The first appearance of dust was noticed 3 hours after the test 
started and gradually accumulated as the test continued. Upon the com- 
pletion of the test four distinct grooves were worn in the floor varying in 
depth from 1/64 to 1/32 in. below the original surface. While the surface 
of these grooves was generally somewhat rough there was no apparent 
tearing up of the concrete. The wear was fairly gradual and regular over 
the whole surface. 

What period of time this test would represent under actual conditions 
is, of course, indeterminate, there being such a wide variation in trucking 
conditions in different factories and industries. But let us assume that 
under the average actual condition a truck wheel would run over a given 
spot once an hour. Then, neglecting the constant turning action of the 
wheels in the test, one hour of the test would represent 900 hours of 
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actual service. The period of the test would represent 26 x 900 or 23,400 
hours of service. Using 55 hours as the factory week, it would be equiva- 
lent to about 8% years of service. It is believed that this imposed a much 
more severe wear to the floor than would be experienced under actual con- 
ditions for most of actual trucking is done in fairly straight lines with 
only occasional turning while in the test the turning and gouging action of 
the wheels was constantly present. 

In any devised test of short duration it would probably be difficult if 
not impossible to stimulate actual conditions and the test described we 
purposely made severe in order to get in a short time some idea of what 
the floor would stand. We feel that the floor tested is as good as it 
looks and that it will withstand severe trucking for a great many years 
without appreciable wear and that the dusting caused by wear will be so 
slight as to cause no concern. In the Eastern district we have placed and 
ground about 400,000 sq. ft. of floor similar to that at Norristown and 
each unit apparently is as good as the one tested. 


Mr. DeSpirt. 


Mr. I ird. 


Mr. Rockwood. 


Discusston.—Heavy Duty Fioors. 


A. C. DeSpirt* (By Letter).—We find from our own experience and in 
studying the experiences of others that the grinding of concrete floors is 
perhaps the only solution known today which gives the desired effect of 
eliminating the soft and dusty surfaces of cement finish. 

The process of rubbing is explained quite satisfactorily in this article, 
but in addition to the grinding we wish to add the fallowing recommenda- 
tion: After grinding, thoroughly scrub with iron brush and dampen the 
concrete floor; then spread over the floor a~liquid coating of water and 
cement. Rub the coating into the pores of the floor with a grinding ma- 
chine until it is thoroughly absorbed and set, If any cement remains on 
the surface, this surplus can be removed with a trowel. Spread heavily a 
coating of dampened sawdust over this surface, Keep same well dampened 
for 2 or 3 days in order that the cement grout may not be subjected to the 
surface air and dry too readily without having sufficient time to exercise 
its full setting polish. 

Cement flooring is not part of our line, but we have occasionally 
prepared floors in this way for contractor friends at times when they 
experienced difficulties, and have obtained very satisfactory results. 

M. F. Birp.—I agree with the author that most owners hesitate to 
spend any extra money to secure in concrete a hard, dustless, long-wearing 
floor surface. Ordinary concrete, rodded, straight-edged, floated and 
trowelled will not do in the greater number of industrial structures. I 
believe that what is known as the metallic monolithic floor, that is, a 
reinforced-concrete slab with a dust coat of metallic hardener, is more 
resistant to abrasion than any other standard product. It is offered for 
sale the country over (corhmonly known as “iron filings”) by at least four 
reputable companies. Comparative tests are usually difficult to obtain, due 
to unconscious prejudice on the part of those conducting them, but a con- 
tractor whose sole interest is to obtain the best possible results, has agreed 
to conduct a test on a building now under construction. This will permit 
a comparison of the method described by Mr. Covell with a typical metal- 
lic monolithic finish, under conditions which should give reliable data on 
both relative cost and wearing qualities of these two types of floor finish. 
If the committee on Floor Finish is interested in following the results of 
these tests, the information will be submitted, 

K. F, Rockwoop.—The firm with which I am associated has, for the 
past 10 years, been trying to perfect floors free from wearing and dusting. 


*The Italian Mosaic and Marble Co., Ine., Buffalo, N. Y. 
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I do not believe there is anything that is a sure cure for a bad floor, but 
I know that by grading these floors with a combination of gums and oils, 
similar to a varnish but more elastic and not so brittle, we have been able 
to stop almost every case of dusting. 

W. EH. Harr.—ti think there are in the records of the Institute studies 
on shrinkage that can be applied to floor construction with considerable 
advantage. It has been found that by the use of proper sized coarse aggre- 
gates in floors, it is possible to reduce shrinkage. It is my understanding 
that the Floor Committee is contemplating a revision of the present floor 
specifications. Right now they call for a 1: 1:1 top, and I believe the 
experience in the last 5 years indicates that possibly a 1: 1:2 top will 
reduce the shrinkage considerably. This is an important thing and one 
that is coming under my personal observation at the present time. In 
connection with Mr. Covell’s paper, I would like to ask Mr. Archibald 
(who presented Mr. Covell’s paper) if he could give us any idea as to the 
relative cost between trowelling and grinding a surface to a finish? 

Mr. ARCHIBALD.—Our cost of finishing the surface, including the float- 
ing with one steel trowel finish, is about 314¢ per sq. ft. 

A. 8. Doverass.—I have recently been through an experience with me- 
tallic surfacing which I think may be recorded with value to others. The 
chief fault we have experienced has been occasioned by a failure of one of 
the outstanding metallic surface concerns to avoid an error which I believe 
is commonly recognized in floor laying. Their recommendation was approx- 
imately: 1 volume of metallic material to 3 volumes of dry cement 
dusted on at the time when the excess water had completely disappeared in 
trowelling. That practice of dusting dry sand on cement or dry cement 
has been found to be bad by many of us who have tried it. We have 
found exactly the same symptoms in this floor that I would expect to 
find where we had dusted a wet floor with dry sand and cement. The 
abrasion has occurred immediately in the path of construction traffic after 
the floor had set but before the building was completed. 

R. B. Gocr.—I do not agree altogether with some of the statements 
made in regard to the scaling or peeling of concrete. I think one of the 
chief troubles is with density of the top layer of concrete. The part that 
peels off is invariably porous, especially where a little excess water was 
used. To date we have had very little peeling with concrete where the 
thickness of the mortar surface was over 3 in. In those cases in which 
thick surfaces scale the water evidently that did appear was not sufficient 
to reduce the density of the concrete mortar surface. In all cases where 
there is a very thin layer, it would appear that the density is reduced and 
the thickness of that thin scale is not sufficient to resist the impact of 
traffic. If the original concrete used had the proper plasticity—I do not 
mean consistency—and was mixed right, the excess water would not be 
apparent on the surface and scaling would not occur. 


Mr. Hart. 


Mr. Archibald. 


Mr. Douglass. 


Mr. Goge. 


EXPERIENCE WITH A STRENGTH SPECIFICATION CONTRACT. 
By Rogpert C, JOHNSON.* 


In July, 1926, construction was started on a large factory addition 
in the middle West. There were no material dealers or labor unions in 
the community so all material and labor_required for construction work 
had to be brought in from other communities. The factory site being 
located close to the west shore of Lake Michigan has a very changeable 
climate, and cold weather may be expected any time from early October 
to April. The fall months are usually very rainy. 

Construction work was divided into two units, the first consisting of 
two kiln foundations 400 ft. long by 50 ft. wide and two tunnels 125 ft. 
long by 40 ft. wide by 20 ft. deep. Plans required 10,000 cu. yd. of exca- 
vation and 6,000 cu. yd. of concrete divided up between 1: 2: 4, 1: 3: 5 and 
slag. The second unit consisted of two buildings, one 940 ft. by 200 ft. one 
story high, and the other 340 ft. by 80 ft. five stories high. The plans 
called for 150,000 sq. ft. of ground floor slab and 118,000 sq. ft. of rein- 
forced flat slab. The five story section had a 22-ft. basement and floating 
foundations; 40,000 cu. yd. of excavation and 16,000 cu. yd. of concrete 
were required for this work. 

Early in July representatives of five construction companies were 
called into consultation at the owner’s office and shown a set of plans 
covering the kiln foundations. After being allowed fifteen minutes to 
check roughly over the drawings, bid forms were submitted to the con- 
tractors and they were requested to fill in unit prices for labor opposite 
the estimated quantities shown on the form. It was explained to the 
bidders that the owner would purchase the materials, except form lumber 
and nails, which were to be included in the unit prices submitted by the 
contractors. The Immel Construction Company was 50 per cent low on 
their proposal which was accepted at once. As the plans were not com- 
plete for the building unit, the Immel Construction Company immediately 
submitted unit prices covering labor for foundations for this unit and 
again later submitted unit prices for all concrete work involved in the 
superstructure. The units were accepted and contracts were signed for all 
of the concrete work involved in the construction program. Bids were 
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then taken by the owner for cement, sand, gravel, and reinforcing steel. 
As the prices of the materials are entirely standardized in this territory, 
the Immel Construction Company bid a few cents under the market to 
obtain orders for all materials. This was done to guarantee a continuous 
flow of materials to the job so there would be the minimum amount of 
lost labor. The construction company now had contracts with the owners 
involving unit prices for labor on the kiln foundations, additional and 
different unit prices for labor on the building foundations, and a third 
set of unit prices for labor on the superstructure making altogether 95 
separate figures not including the prices for materials f.o.b. cars. To 
simplify the checking of materials and labor it was decided to change the 
cement, sand, and gravel prices to prices per yard of concrete and com- 
bine these with the labor units. Taylor & Thompson’s Tables of quantities 
based on 45 per cent voids were used for this purpose. Having arrived at 
prices per cubic yard of concrete in place for different mixes, representa- 
tives of the Immel Company explained to the owner that material had 
been sold at a loss of about 40¢ per yard of concrete and asked that the 
specifications be changed from 1: 2:3 mix which was too rich for a 
2,000-Ib. concrete to a 1: 2:4 mix. This was done and the yard price for 
materials was reduced. As labor prices remained the same, the contractor 
picked up a saving by this change. It was then proposed by the con- 
struction company that they be permitted to use any mix that would pro- 
duce a 2,000-lb. concrete for the 1: 2: 4 mix or a 1,500-Ib. concrete for the 
1: 38:5 mix. This was agreed to and clauses were inserted in the contract 
releasing the construction company from the architect’s specifications but 
penalizing them the amount of the saving in material on any yardage of 
concrete that might test below 2,000 or 1,500 lb. 

Very little leeway was left for the selection of materials as the brand 
of cement to be used was specified by the owner and the low price of local 
aggregates controlled the supply of sand and gravel during the warm 
months. After the local pits froze up, it was necessary to obtain aggre- 
gates from any available stocks. As average conditions prevailed among 
the local gravel pits, it was necessary to check carefully the grading, as 
none of the pits were used to working under a rigid specification. 

Since this type of contract was highly experimental with the con- 
struction company, expense was the controlling factor in the selection ot 
equipment. The only new machines purchased were very inexpensive weigh- 
ing hoppers. Because of the large area covered by the foundations and 
buildings it was decided to have centralized control of the proportions with 
small mixers distributed over the job. This greatly simplified the work 
of the inspectors and engineers. Immediately upon receiving the contract 
the construction company hired Mr. Timms of the Portland Cement Asso- 
ciation to take entire control of the proportioning of mixes and to be 
entirely responsible for strengths. The general superintendent was given a 
clear understanding of the importance of the strength of the concrete and 
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was made to realize that Mr. Timms was in absolute control of the pro- 
portioning of the material. The superintendent’s greatest problem was to 
iron out differences between Mr. Timms and the concrete foremen who 
objected to the new methods. A responsible material clerk was placed in 
charge of the delivery of materials, the checking of quantities used, and the 
figuring of the units of work completed. Mr. Timms was the only extra 
employee required for this type of contract. 
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FIG. 1.—TEST RESULTS ON CONCRETE OF DIFFERENT SLUMPS AND 
HANDLING METHODS. 


The various factors affecting the strength of the concrete at 28 days 
were considered and controlled as follows: 


Cement—Quantity checked by weighing hoppers. 

Water—Quantity checked by automatic tank, and slump test. 
Mixing time—No rigid control. 

Temperature—Heating before and during mixing and after placing. 
Test methods—Not carefully checked at start of job. Later cor- 
rected. 


eR ce 


The following methods of handling material and concrete were used: 
Cement, sand, and gravel were all received on cars at a siding about 
1,500 ft. from the job. Cement was unloaded into a cement shed of about 
three-car capacity. Sand and gravel were unloaded by clamshell? into bins 
and stockpiles. During freezing weather steam nozzles were used to thaw 
out the cars and to keep material from freezing in the bins. A large 

$ 


STRENGTH SPECIFICATION CONTRACT. 469 


marine boiler supplied steam at this location. Aggregates were weighed 
into batch dump trucks, the cement being placed on top. On very windy 
days this resulted in a loss of some cement before the material arrived at 
the mixer. Materials were handled in various ways at the different mixers. 
One 7-S mixer used for pouring ground floors was continuously moved 
around. The aggregates were hauled to this mixer during bad weather or 
while the 14-S mixers were not working. This material was stockpiled and 
delivered into the mixer by wheelbarrows. One 14-S mixer used for pour- 
ing the kiln foundations received pre-mixed material delivered to the skip. 
Another 14-S mixer was set at the base of a hoisting tower and poured 
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FIG. 2.—RELATION OF ACTUAL TO DESIGNED STRENGTH. 


2,000-Ib. concrete delivered dry mixed by the trucks. As these two mixers 
were pouring different proportions, it was necessary to have the drivers of 
the trucks wear different hats so the man at the weighing hoppers could 
tell which mix to weigh into the trucks. Material leaving mixers was 
also handled in different ways. The one-bag mixer usually dumped into 
wheelbarrows or direct into place. The moving two-bag mixer dumped 
either into two-wheel carts or directly into the forms. The stationary two- 
bag mixer delivered all material into a tower bucket dumping into a tower 
hopper and chutes. Part of this concrete was delivered from the chutes. 
direct into forms and part into a floor hopper and two-wheel carts. During 
freezing weather an additional boiler was used at the stationary two-bag 
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mixer to heat mixing water and to run a steam line down the chutes which 
were entirely enclosed. 

Various test strengths were obtained due to the variation in the 
methods of handling materials both to and from the mixers. The one-bag 
mixer which had no control except the slump test gave results as follows: 
Slumps varied from 1% in. to 3 in. with strengths from 1,600 Ib. two 
samples to 3,400 lb. two samples, 24 samples between 2,200 and 3,100 Ib. 
Most of the material handled by this mixer was to pass a 1,500 Ib. test. 
(See Fig. 1.) The moving two-bag mixer which had only weighing and 
slump test control gave the following results: Slumps varied from 4 in. 
to 8 in. and the strengths from 1,300 lb. one sample to 2,400 lb. one sample, 
17 samples 1,460 lb. to 2,300 Ib. (See Fig. 1.) The largest volume of 
concrete passed through the stationary two-bag mixer with the following 
results: Slumps varied from 41% in. to 9 in. averaging between 6 and 7 in.; 
90 per cent of all samples were above 1,900 lb., 80 per cent of all samples 
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FIG. 3.—STRENGTH COMPARISON OF FIVE-COLUMN TEST SAMPLES STORED 
INSIDE AND OUTSIDE. 


were above 2,000 lb., 50 per cent of all samples were above 2,200 lb., and 
30 per cent of all samples were above 2,500 Ib. The average of 76 samples 
was 2,280 lb. (See Fig. 2.) 

Only 7 of the 76 samples fell below 90 per cent of the designed 
strength. Seventy per cent of all samples were between 1,900 lb. and 
2,500 Ib. All test samples as recorded above were stored under job con- 
ditions. The greatest variations in strength were caused by the tempera- 
ture in storage conditions. Of 10 test columns made from five samples, 
five were stored inside and five outside. The samples inside averaged 
620 Ib. stronger at 28 days than the samples stored outside. (See Fig. 3.) 

It was also found that numerous samples were improperly stored at 
the laboratory after being shipped from the job. After this condition was 
rectified, there was less trouble with low strengths. As a comparison of 
the strengths obtained on this contract and those which may be looked for 
under similar conditions, the results may be compared with the Portland 
Cement Association Building on which 13 out of 34 samples fell below 
90 per cent of the designed strength whereas as noted above only 7 of 76 
samples fell below 90 per cent of the designed strength on this contract. 
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A subsequent contract for the same company started in January and 
completed in February under the same units and same specifications showed 
the following results: Sixteen samples were taken having an average 
strength of 2,707 lb., none fell below 2,000 lb. This concrete was poured 
with the same mix as the rest but the samples were all stored inside. (See 
Fig. 2.) As an interesting side-light and to settle the question as to 
whether our concrete was being mixed long enough the average mixing time 
being 45 seconds for the stationary two-bag mixer, 5 samples of concrete 
were taken at the mixer and 5 samples from the same batches were taken 
from the floor hopper. The 5 samples from the floor hopper averaged 
435 lb. stronger than the samples taken at the mixer showing that there 
was considerable justification for our claim that the handling of the con- 
crete between the mixer and the forms resulted in additional mixing 
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FIG. 4.—STRENGTH COMPARISON OF FIVE SAMPLES AT MIXER AND AT 
FLOOR HOPPER. 


equivalent to leaving the material in the mixer 30 seconds longer. (See 
Vig. 4.) 

The actual savings made on this contract were: Cement approxi- 
mately one bag per cubic yard of concrete poured, aggregates 10¢ per cubic 
yard of concrete poured, and labor approximately 50¢ per cubic yard of 
concrete poured. This overcame the loss in the gale of materials below 
cost. Below are given computations to show the savings that may be 
expected from the use of a strength specification contract. For the pur- 
pose of comparison a type of plant layout has been assumed similar to 
that used on this contract. These computations are self-explanatory. 


ANALYSIS OF STRENGTH CONTRACT ECONOMIES. 


1. Assume type of equipment lay-out 
Aggregate bins 
Weighing hoppers 
Trucks 
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Cement shed 
Two-bag mixer 

f Tower and chutes 
Buggies 


2. Assume Labor and Material Rates 


Cement, $2.19 per bbl. 

Sand, $1.40 per cu. yd. 

Stone, $1.535 per cu. yd. . 
Common labor, 45¢ 

Skilled labor, 75¢ 


3. Cost of Concrete as Originally Specified 
A. Résumé of Specifications 
Mix 1: 2:3 1 bag cement = 1 eu. ft. 
Slump 6 in. to 7 in. 
Time 114 min. : 
B. Analysis Material Costs 
Cement, 1:67 bbl. x 2:19 ==316573 
Sand, 50 cu. yd.x 1.40 = .70 
Stone, 74 cu. yd. x 1.535 = 1.1359 


LOLAIGE ptobor te Masi aes 5.4932 — 16.2 cu. ft. per bbl. 
8.1cu.ft.per batch 


C. Analysis Labor Costs 


1 Foreman LO S35 ele 
1 Clamshell operator 10x1.25—= 12.50 
2 Clamshell laborers 20x .45 — 9.00 
1 Weighing man LO 505-00 
1 Bin laborer 10x 45— 4.50 
2 Cement men 20x .50= 10.00 
3 Truck drivers 30x 60 15.00 
1 Mixer engineer OBS or 7.50 
1 Mixer laborer 10x 45= 4.50 
1 Hoist engineer TORS 125% 1250 
1 Tower man LO 260=— 6.00 
5 Buggy men 50x .45—= 22.50 
3 Spaders 30x 451 713.50 
146.00 
Liability Insurance ........ 7.30 
Total? suecintar usc tee $153.30 per 10-hour day 


Allow 2% min. per batch = 240 batches per 10-hour day 
240 x 8.1 — 1,944 cu. ft. per day = 72 cu. yd. 
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153.30 


= $2.13 per ecu, yd. labor 
72 5.50 per cu. yd. material 


$7.63 per cu. yd. total 


4. Cost of Concrete as Poured 
A. Analysis Material Costs 
Cemeni, 1.25bbl. cementx2.19 = 2.7375 
Sand, -56cu.yd.sand x1.40 = .7840 
Stone, 74 cu. yd. stone x 1.535 = 1.1359 


4.6574 21.7. cu. ft. 
per bbl. 
10.85 cu. ft. 
per batch 
B. Analysis Labor Costs 
Same crew as above = $146.00 


Mix engineer = — 14:00 
$160.00 

“Liab. Insurance .. 8.00 
Totaly seat rsue sk $168.00 


Allow 134 min. per batch = 343 batches per 10-hour day 

343 x 10.85 = 3721.55 cu. ft. per day — 137.83 cu. yd. 
168.00 

=D? ecusyG. labor 

137.83 4.657 cu. yd. material 


2 


$5.88 cu. yd. total 

Specified concrete cost = $7.63 

Contract concrete cost = 5.88 
SAI cho aenolese od $1.75 per cu. yd. 

Part of this saving was given to the owner by changing 
basis of contract from 1: 2: 3 mix to 1: 2: 4 mix so 
it represents more than the total saving per cu. yd. as 
made by the contractor. 

As a comparison of the results that might have been expected for the 
concrete as originally specified and for the results as obtained, there are 
unfortunately very little test data. However, during the months of Febru- 
ary, March, and April a different organization poured concrete for a super- 
structure for which we had poured the foundations in January. The 
superstructure was built in accordance with the specifications as originally 
drawn for the pottery unit. Four samples of this concrete were taken, the 
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methods of sampling and storing being the same as for the foundations. 
The average of these four samples was 2,495 lb. whereas the average of the 
16 samples taken from the foundations poured under the strength contract 
was 2,707 with none falling below 2,000 lb. 

To obtain the maximum economy under any strength contract, curves 
should be worked out for the plant setup and the most economical ratio 
should be obtained for mixing time, labor cost and material cost. A short 
mixing time necessarily means more cement and less labor, so the most 
economical and practical ratio between the material and labor costs should 
be determined for each job. It would be proper to take five samples with 
five variations of cement content for each of the following mixing times: 
45 seconds, one minute, one minute and 15 seconds, one minute and 30 
seconds. In running these job control tests the water-cement ratio should 
be maintained practically constant. Having obtained the results of these 
tests it is a simple matter to determine the most economical mix by com- 
paring the total cost of concrete per yard for each mix based on an average 
daily output for each mixing time. It is the opinion of the writer con- 
trary to the belief of the average contractor that the most economical ratio 
is obtained with one minute and 30 seconds mixing time. 

Conclusions.—This particular contract was naturally very satisfactory 
both to the owner and to the contractor. A concrete of satisfactory 
strength was furnished the owner at a cost less than would have been 
required by following the specifications whereas at the same time the con- 
tractor had absolute control of the methods of manufacture. There was a 
greater spirit of co-operation between the inspectors and the contractor’s 
organization in trying to obtain a given result than there would have 
been had the inspectors been merely trying to enforce a rigid specification. 
It was quite apparent that there are no definite and accepted standards for 
the measurement and manufacture of a given strength concrete. Where a 
spirit of co-operation is built up between the designer and manufacturer, 
there is not as much reason to worry about the quality of concrete as there 
is if a continual struggle exists to enforce in some cases an unreasonable 
specification. 

There are economies of design and construction which will make the 
strength manufacture of concrete a necessity of the future. To meet this 
situation a committee of the American Concrete Institute should clarify 
the following points: 

1. What standard should be used for the measurement of concrete 

strength. 

2. What over and under-run should be permissible due to the methods 

of testing strength. 

3. What is an equitable form of contract to guarantee results. 

4. What would be the most economical methods to use in the produc- 

tion of strength concrete. 


The question about strength of concrete today is not whether we want 
it but how can we handle it? 


DISCUSSION.—EXPERIENCE WITH A STRENGTH SPECIFICATION 
CONTRACT. 


JosepH A. Kirrs.*—This paper brings out several points of interest mr. Kitts. 
and suggestions of value to the concrete industry. It is a record of success 
with the strength specification contract both in quality of concrete obtained 
and economy effected. 

The quality (strength, etc.) specification is coming more and more in 
favor. As knowledge of concrete becomes more general, there is no doubt 
but that the quality specification will become the general rule. Of 660,000 
cu. yd. of concrete production controlled by the writer and associates in 
the last three years, 640,000 or 97 per cent was quality (strength, weight, 
density) specification concrete as compared with 3 per cent to arbitrarily 
fixed proportions. 

To specify the quality required is logical, practical and scientifically 
correct economically and technically. It is the best means to promote effi- 
ciency in production, to encourage research and to increase and reward a 
knowledge of concrete. 

The author shows that one man-hr. of control for every 13.8 cu. yd. 
effected a saving of $1.75 per cu. yd. (including the cost of control) as 
compared with the cost of usual arbitrary proportions. A saving of one- 
tenth this amount would have been a good investment in control of concrete 
production. For a rate of production of 138 cu. yd. per day, the yardage 
per man-hr. of control is at an economical ratio under favorable conditions. 
Where the rate of production is 1,000 cu. yd. or more per day, the economi- 
cal yardage per man-hr. of control will vary from 25 to 50, depending upon 
the conditions. 

The effects of varying ratio of yardage to man-hrs. of control have 
been determined by the writer in connection with the Exchequer Dam 
project of the Merced Irrigation District, California, an which the pro- 
duction averaged about 1,000 cu. yd. per day. The results are shown in 
Table I. 

The high strength to cement ratio as shown in the table is due to the 
large size of the aggregate used. Four sizes were used,—sand, fine gravel, 
coarse gravel and cobbles. The practical maximum size was 4% in. (square 
opening screen). About 3 per cent of the aggregate was from 41% in. to 
9 in. The aggregate proportions were the same in conditions (A) and (B) 
and the difference in the “economy factors” are no doubt largely due to 
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the relative efficiencies of the cement contents. The greater “spread” of 
(B) is no doubt partly due to the greater period of testing and the least 
“spread” of (D) likewise to the comparatively short period of tests. 

In the cases of control conditions, A and B, where one man-hr. of 
control was employed for every 120 yd. of output, all that could be accom- 
plished was the testing of the quality of the aggregates and concrete as 
produced. For the C condition of 80 yd. output per man-hr. of control, 


TABLE I,—RELATIONS OF STRENGTH, STRENGTH SPREAD, STRENGTH 
Economy Facror AND CEMENT CONTENT TO OUTPUT PER 
Man-Hr. or PropucTION CONTROL. 


Minimum Cost of Economy 
Yardage Average True Mix and Aggregate Factor, 
Output per Maximum bbl. Cement Cement Strength per Type of Control and 
Man-hr. of and Spread per cu. yd. of | and Control Dollar Cost | Number of Days Tested 
Control of Strength Concrete per cu. yd. of | of Materials 
at 28 days Concrete and Control 
ie 1435 1.830 328 (A) Arbitrary propor- 
120 1920 1:7.8 2.529 439 tions. 
2750 0.843 0.015 (33 days) 
1315 4.374 
1075 1.886 265 (B) Arbitrary propor- 
120 1650 1:9.2 2.160 407 tions. 
2535 0.720 0.015 (71 days) 
1460 4.061 ; 
1445 1.850 342 (C) Arbitrary propor- 
80 1910 1:8.4 2.352 452 tions, improved ag- 
2735 0.784 0.022 gregate. 
z (71 days) 
1290 4,224 
1755 1.850 435 (D) Approximately con- 
60 1865 1:9.2 2.157 462 trolled grading and 
1985 0.719 0.029 improved aggregate. 
= (9 days) 
230 4.036 
1880 1.850 448 (E) Accurately con- 
40 2110 1:8.6 2.292 503 trolled grading and 
2310 0.764 044 improved aggregate. 
a ae (23 days) 
430 4.186 


the quality of the aggregate could be followed more closely and some im- 
provements in the quality of same effected. For the D condition of 60 yd. 
per man-hr., it was possible to follow the variations of moisture content, 
bulking, density and fineness modulus of the four aggregates so as to main- 
tain approximate uniformity in the grading of the mixed aggregate. Under 
the E condition of 40 yd. per man-hr., it was possible to maintain uniform- 
ity of grading with a measure of accuracy. 

Under like conditions of cement content, the strengths and strengths 
per dollar cost of materials and control for the comparative conditions of 
yardage output per man-hr. of control, are as shown in Table II. 
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Table If shows that 20 per cent greater strength in proportion to 
cost was obtained under accurate control conditions, and the results indi- 
cate that maximum economy is in the direction of still more control. 
Starting with a concrete costing $4.374 per cu. yd. (including control) a 
uniform and satisfactory concrete was made at $4.036 by doubling the 
control, thus effecting a saving of $0.338 per cu. yd. or $338.00 per day. 

The compression test: results obtained by the author indicate that the 
strength of the concrete fully met the specifications. The small percentage 
of tests below the specified strength are no doubt due to the law of proba- 
bility and error in measurement, particularly to the usual adverse errors 
of compression tests, and do not indicate the true strengths of the speci- 
mens. This points to the importance of the mooted points 1 and 2 of the 
author’s conclusions, which seem proper subjects for discussion in this 
connection. 


TABLE IJ.—Contron RATE, CEMENT CoNnTEN’, Cost, AVERAGE STRENGTH 
AND STRENGTH Hconomy FAcTor. 


| Cost of 


; Average Strength per 

Yardage Output per wey Pe ride Strength of Dollar Cost, 

Man-hr. of Control of Concrete | per cu. yd. of | , Concrete, of Materials 

@oncrete lb. per sq. in. | and Control 
CaN Bie ee eae ae ee A SER eva OB 0.843 4.374 1920 439 
VU ee en AREA apo seen 0.784 4.223 1790 424 
((O) Ene Bene Sau SMe Srinos deve 0.784 4.224 1910 452 
LE OR DU Nee bind eter coho cee 0.720 4.061 1650 407 
HOP ARIGU Fae Soc HR Or ees cbchennat tite nae 0.719 4.036 1865 462 
Ie Sdehiern Koran oto Cun lc Geta. Wee 0.764 4.173 1750 419 
CBO ese se 0! Erect esta gre startin nae Sata 0.764 4.186 2110 503 


Low strengths are indicated by damaged, defective and erroneously 
measured specimens, by specimens with concave, convex, oblique, and other- 
wise defective caps, by specimens not centered in the compression machine, 
by samples not representative of the concrete in the structure and by speci- 
mens not properly cured. Harrison F. Gonnerman shows that slight defects 
in the end condition of cylinders give measured strengths as low as 40 
per cent of the strength of true and accurately measured specimens of the 
same concrete. (See Bulletin 14, Structural Materials Research Labora- 
tory, Lewis Institute, Chicago. ) 

Messrs. Slater and Walker, in their “Report on Field Tests of Concrete 
Used in Construction Work,” submitted to the Joint Committee on Stana- 
ard Specifications for Concrete, suggested the average strength as the 
“design strength” with a tolerance of 10 per cent of measured specimens 
falling below 80 per cent of the average measured strength at 28 days. 
(See Proceedings, Am. Soc. C. E., January, 1925.) On this basis it would 
be a logical rule to determine the “design strength” as that measured 
strength (not greater than the average strength) at which there are not 
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more than 10 per cent of specimens less than 80 per cent of that strength. 
As an example, if 10 per cent of specimens were measured as 1,600 and 
less, the design strength would be 2,000, provided the average measured 
strength was not less than 2,000 lb. per sq. in. at 28 days. This does not 
assume that the actual strengths are as measured but that, in all proba- 
bility, due to the established adverse errors of compression tests, the aver- 
age measured strength (with the tolerance given) represents the actual 
minimum strength. Any uncertainty is provided for by the usual safety 
factor of structure design, and also, before the structure receives its maxi- 
mum load (allowing an age of three months), the concrete will have in- 
creased at least 25 per cent in strength over that of the 28-day age. No 
retrogression is likely from the strength at the age of 3 months. 

We find, under accurate and economical production rate control and 
fairly standard conditions of curing and testing, that not more than 10 
per cent of specimens fall below 90 per cent of the average measured 
strength. Under the usual conditions of-curing and compression tests, 10 
per cent below 80 per cent of the average is a satisfactory tolerance. 

We all have approached concrete specifications from the point of view 
that the proportions of the ingredients should be fixed as so much cement, 
sand and rock, Recently, the ratio of the ingredients water and cement 
has been proposed as the basic specification. Undoubtedly, the quality 
required is and should be treated as the fundamental basis of the specifi- 
cation covering the concrete manufacture. 

The usual quality specification differs from the standard specification 
only in that it provides for competent technological control of the concrete 
manufacture and a separate form of payment for the cement used. The 
engineer or architect representing the owner usually assumes the responsi- 
bility of control and results. Where the responsibility for results is put 
upon the contractor, mutual control is maintained or the contractor has 
his own control and an independent check is maintained by the contractee. 

I am firmly convinced that the best means to further the interests of 
the concrete industry, to promote efficieney in concrete production, to en- 
courage research, and to increase and reward a knowledge of concrete is to 
establish a quality (strength, etc.) specification as the standard specifica- 
tion, with appreciation of the facts that concrete production is a manufac- 
turing process, that the manufacture of conerete of quality with economy 
requires thorough, constant and understanding technical and practical 
control of the proportioning, measuring, mixing, placing and curing, in 
co-ordination with and supported by, cement, aggregate and concrete test- 
ing as a daily routine part of such production control. I strongly second 
the author’s recommendation that a committee of the American Concrete 
Institute work upon these questions now before us. 

W. A. SLAtER.—It seems that the engineers are going up one elevator 
while the contractors are going down the other, and then the contractors 
go up and the engineers go down; they do not seem to get together on the 
same floor. A few years ago when the Joint Committee was making speci- 


Discussion.—STRENGTH SPECIFICATION Contract. 479 


fications, they made two alternate specifications on the same subject; one 
of them was a proportion specification and the other was a strength 
specification. They thought when they proposed the alternate strength 
specification that the contractors who wanted to get their money’s worth 
and deliver a good job, would hail it with open arms. But the contractors 
did not and neither did a good many other people. From the 2 or 3 days 
of discussion that we had at the meeting of the American Concrete Insti- 
tute and of the American Society of Civil Engineers, it certainly appeared 
that the contractors were not unanimous on the strength specification. 
Finally the strength specification was withdrawn. It seems to me there are 
some indications that the contractors are now ready for it, or is it not 
more than one contractor? 


BETTER CONCRETE.—Do WE MEAN IT? 
By NATHAN C. JOHNSON.* 


The concrete industry in the United States calls for the annual expen: 
diture of approximately $2,000,000,000 by those who are sold on concrete. 
Two billions of sales per year for any commodity is an achievement that 
must be based on real value and real merit. 

Two billions of dollars per annum for concrete in the United States 
alone indicates and proves an unquestioned value and utility for concrete. 
But two billions of dollars is not enough. Four billions of dollars would 
be a more normal sales demand for the needs of the present age in con- 
structions that would employ concrete if a departure were taken from the 
idea that any “mud” that contains cement and fills forms is properly 
classed as “concrete.” If a better understanding were had of the innate 
and intrinsic values and virtues and abilities of real concrete, four billions 
of dollars of demand as of 1930 would not be a fanciful dream, but would 
more likely prove an estimate falling short of the actuality. 

But if we would progress in the use of concrete and create this four- 
billion demand by 1930, we must focus our energies, our time, and our 
efforts to make concrete meet every reasonable requirement. And _ by 
“reasonable” is meant every requirement falling within the natural proper- 
ties and abilities of concrete. 

The significance of that statement is not generally appreciated, nor can 
it be hoped that there will be appreciation of the vast and almost illimi- 
table abilities of concrete until the majority, both professional and lay, 
are not so much taught, as shown by example what may be done with this 
Protean material. Not in the old way, for that way is founded on such 
gross misconceptions and misunderstandings as to seriously limit the 
utility and usefulness of concrete, but in a new and better way, founded 
on real knowledge as to what are and what are not the full, natural abili- 
ties of concrete. 

The burden of this research and this demonstration must be assumed 
by some one or some group, and it will take relatively little money but 
worlds of courage and plenty of that quality that is best described by the 
robust term of “guts” to blaze this trail. There will be found plenty to 
follow where the path has been opened. 

No class or individual is exempt from this call to service; and each 
has today an opportunity for achievement in this field which is without 
parallel in any other industry. 


*Hool and Johnson, Consulting Wngineers, New York City. 
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This paper, therefore, will be not so much a presentation of minute 
and controversial technicalities, as a plea for a broader viewpoint, for a 
better and broader knowledge by all connected with the industry, or who 
utilize the industry. And it will be particularly a plea for the suppression 
of “isms” of one kind or another which bring only opposition and create 
confusion where there should be united purpose. 

To this end, let us mutually and good-naturedly make an examination 
of the art as it is today, that we may either strike a balance by this audit, 
or else fail to strike a balance. 

Since commerce and the commercial use of concrete provide the life- 
blood of the industry, let us examine what happens when a projected com- 
mercial structure starts actively to come into being. 

Assume that the structure is a dock or pier to be built in some harbor 
basin that is filled and emptied more or less twice a day with sea-water 
through the increase and recession of the tides. The allowable cost is 2% 
million dollars; and commerce demands completion in eleven months. 
Engineers and/or architects start the ball rolling. Concrete is the struc- 
tural material chosen beyond a doubt. And inasmuch as we are here con- 
cerned with concrete and its usages and behavior, auxiliary data, such as 
depths of water, soil conditions, rail connections on the landside, ete., etc., 
can be neglected as of this analysis. 

First of all, a dock or a pier, is a one-story or a two-story concrete 
building with a flooded basement. No more, no less. Any long concrete 
building, flooded inside and out up to an assumed mean-water level, would 
be, in essence and in most design and structural details, a pier. The 
structural design problem is therefore the same as of any building—almost 
a routine operation today. 

The construction problem would be one of floating equipment versus 
landborne equipment but employing essentially the same machinery; and 
of supporting piles as against caisson or spread footings. The deck is a 
simple floor. The pier shed is no problem. The concrete throughout is 
probably either 1: 2:4, or a theoretical mix; the design and the stresses 
are taken from a handbook; and the supreme art embodied in the job will 
probably be that of jockeying to land the contract and of making money 
on the contract when it is landed—no mean task. 

But what of the concrete problem—to produce for this costly structure 
a concrete that will endure for, let us say, 25 yr. without sensible deterior- 
ation? How shall it be done? How shall we as engineers, or you as con- 
tractors, or they as owners know of a surety when the retained percentage 
is paid off, that the qualities necessary for such endurance are embodied 
in the structure? Shall we be honest in answering these questions, or 
shall we take the viewpoint of the little girl who rebuked her mother’s 
mention of “toilet water” by saying: “That, Momsey, is something that 
nice people never speak about”? 

This is an audit, so let us be honest. When this concrete was in the 
making, or when it was made, there was no way, no real knowledge, no 
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FIG. 1.—THE REALIZATION OF AC 
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means at hand, even approximately to determine the value of that material 
in vital members or its endurance under water exposure. Strength test 
cylinders may have been made as the work progressed and may have proven 
satisfactory. But what has compressive strength to do with endurance 
under water exposure? Nothing, so far as we know. And of how much 
value as a protective agent is some outside coating—such as, perhaps, 
Himalayan Black Jack? No one knows, except that it is black. And what 
if the purchasing agent saved 15¢ a gallon by substituting Peruvian Pitch 
for Himalayan Black Jack? Both were equally black, even though the 
Peruvian Pitch proved later to be quite soluble in water. Both were black. 

Assume further, as may occur, that the conerete in this pier does 
soften and go to pieces more or less after a year or two, why does this 
happen? What properties were lacking in the concrete itself—properties 
that were necessary, that should have been measurable, and being measur- 
able should have been producible and reproducible by the artisans and en- 
gineers of this proud, scientific age? And most curious of) all, why did 
some of the concrete go bad and not the rest, when all concerned are ready 
to assert on oath and with full faith that all work was done in a thorough 
and workmanlike manner, in full accordance with the specifications and 
the design and under the supervision and approval of the great Dr. Blank 
himself—an authority on concrete without a peer? 

Embarrassing questions and not fiction. To hit the four-billion bull’s 
eye, answers must be found to these and to many others as well. Nor is 
the random example chosen an exaggeration. Essentially all the conditions 
therein noted are arising daily on thousands of other types of constructions 
in conerete. The only condition therein assumed that is not universal is 
the condition of water, exposure, and assumed water protection of the con- 
crete by “guaranteed-by-the-manufacturer,” additions of soap or of oil to 
the mix, or by outside coatings. 

As to sea-water concrete, a yardstick essential to measure the qualities 
that give endurance seems to have been developed, and more accurate 
knowledge than heretofore has been had is in process of derivation and 
assembly. It promises well for constructive additions to our knowledge of 
concrete, and we must have this knowledge in the near future or surrender 
the field and the market to other materials. 

Corrosions are interesting things and valuable as a study from which 
some of this necessary and valuable knowledge may be gained. Out of any 
study of corrosions, curiously enough, will come a new respect for concrete 
and for its integrity. Any ardent corrosionist would gain in wisdom and 
in knowledge as well as in prudence of speech if he were to essay to dis- 
integrate even a cubic foot of medium-poor concrete. Out of that ordeal, 
even were he furnished with all the armory provided by modern chemistry, 
with all its powerful reagents, he would emerge a sweaty and chastened 
pupil, far more willing to talk of the damnable refusal of concrete to go to 
pieces than to speak largely upon the subject of its perishabilities. 

- But since we have entered upon this audit and this game of “Truth and 
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Consequences” let us go a step further while on this subject of the good 
and the bad in concrete. 

Given six experts from field, office or laboratory and require of them 
a supportable diagnosis of some trouble, or of some perfection, it is proba- 
ble that no two will today agree on essential causes, because concrete, as 
a material, while a familiar thing, is also one virtually unknown and 
none will be able to support their individual opinions except by virtue of 
personal magnetism of manner, by elrontery unbacked by knowledge, or 


FIG. 2.—A BOND THAT ALWAYS FAILS—THOROUGHLY HACKED ‘CONCRETE 
AFTER 314 YEARS. 


by an excessively large tummy and a profound and unpuncturable dignity 
that too often has proven of more weight than real knowledge, 

Sadly enough, conerete per se is an unknown land to the majority. 
Design in concrete is understood, because design deals in figures and in 
pictures and in blueprints that are understandable, that are tangible, and 
that may be seen and touched, and that may be evaluated per se. Handling 
concrete as an art of handling materials, is understood, because there is 
money in rapid handling, and yardage is measurable and money is measur- 
able. But the very heart of the whole thing—the concrete itself—is 
not even passably understood by many, regardless of how willingly they 
tell us all about it and how vehemently they assert that they are “practical 
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men.” 


It often seems as though the “practical” man were the greatest 
optimist in the world, for he seems to have faith that if he tries the 
wrong way often enough, some day he will succeed in reversing Nature and 
make good on his daily and prideful boasts. 

There are, then, yardsticks applicable to these incident phases of the 
conerete art. But all that is so beautifully pictured on tracing-cloth is not 
aetually made in the field, and the alibi for haste and carelessness in the 


field is test cylinders for compression strength alone. These cylinders are 


FIG. 3.—A FAILING BUSH-HAMMERED SURFACE, 


Lacking in distinction in bush-hammered areas with the usual staining of 
the floated form skin in the plain areas, Faulty placement of concrete beginning 
to show in stratification. 


tangible, but accepted (even on adverse results) with so great a tolerance 
that any rejection of concrete in forms on the basis of tests, even where 
this concrete is undeniably, visibly, and grossly below acceptable quality, 
is unknown to the writer. Instead, visibly defective concrete is smeared 
over with grout and then called “perfect”—‘and if you don’t believe it is 
perfect, see our Company’s attorney.” ‘ 

So it has come about that when something goes wrong, there is no 
means of quality determination or predetermination in general acceptance 
which will teach an offending engineer, or contractor, or superintendent, 
or foreman, or laborer, or cement-maker, or laboratory-man, or supply-man 
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the facts in the case, so that little by little as the years go on, a material 
of full dependence shall be produced, until, whenever “concrete” is called 
for, that call will be met automatically and as a matter of course by the 
production of material having full reliability. 

If we are to create a larger and better industry, means of true and 
accurate measurement must be evolved. Some forty years ago the quan- 
tity production of electricity was brought about through finding avenues 
of sale for that electricity in the production of light and of power. The 
art as we know it and have come to depend on it was then crude, but it 
has grown and is still growing to proportions beyond the imagination, 
because hand in hand with quantity production went the evolving of means 
to measure that production. Only two days ago radio television was 
publicly demonstrated to fillip anew our senses and to stimulate our buying 
activities. If we show the accomplishment, the buyers will come in droves. 
It has been proven over and over again. : 

There may or may not be significance to us in the fact that all these 
means of measurement that have brought about the growth and develop- 
ment and purchase by the public of electrical energy have been founded 
on indirect phenomena. No one yet ever saw electricity. But all of us 
have seen a lamp glow and a motor run. We have seen the indicator of 
an ammeter or a voltmeter move, and a lesser number have observed other 
mechanical things of one kind or another indicate one phase, or property 
of electricity in which we are interested. 

It is even more than possible, then, that if we look for indirect means 
of measurement, we, in our art of using cement, may learn various things 
that we need to know if we are to create a four-billion-dollar industry by 
1930. 

Obviously, since we are dealing not with one material, or with one 
force, but rather with combined material of different kinds and sizes, and 
with combined forces, we must take more pains and expend more thought 
than would be the case where an isolated and uniform material was to be 
measured. ; 

A good starting point, then, would seem to be a study of the individual 
materials and later on, a study of the combination of all of the several 
materials. 

The remarkable integrity of concrete—the astonishing exhibition of 
power in opposition to forces of disintegration—-has before been commented 
on. This power comes from cement, of course, and our path may be made 
easier if we keep in mind, not as a definition but as a thought, that cement 
——the common, gray powder that comes in sacks—is a source of power. 
We release this power and turn it to our uses by wetting cement with 
water. When these two substances unite chemically, a new substance is 
formed that is no longer portland cement, but is a derivative material that 
is of a new and different nature. 

Integrity in concrete, then, is due primarily to that peculiar and 
somewhat temperamental substance that is formed when cement and water 
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rest together for a sufficient time in undisturbed and peaceful union, To 
hit the four-billion mark, we of course vcught to know more about cement 
and the manufacture of cement, but we ought also to know more about this 
substance that is derived from cement plus water, for that is the “glue” 
that sticks together the sand and the stone put with cement and water to 
form the cheap and useful substance called “concrete” when there is stone 
present, and called “mortar” when there are no mineral particles present 
over 14 in. in size. 


FIG. 4..-CUSTOMARY APPEARANCE OF STUCCO OVER THE FORM SKIN Or 
CONCRETE AFTER A YEAR OR SO OF EXPOSURE. 


Investigation of how to make cement, of how to make tricalcium sili- 
cate or dicalcium silicate, predominate in the product of these great syn- 
thetic processes that are employed in modern cement mills today, is a 
whole and distinct field in itself. The compass of this paper will not permit 
any discussion of this, even were the writer abreast today of all modern 
scientific investigation in regard to it. 

But this all of us know: that so far as the great cement-consuming 
public is concerned, cement is one brand or another of a gray powder that 
comes in sacks; and that this powder wetted with water and allowed to 
stand, will stick sand and stone together in a wonderfully useful mass; 
and that all this will happen, whether the mixture is made by a learned 
professor, or by a laborer with a mediaeval mental outlook. We all know, 
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too, that strength results from this union—strength to bear load, strength 
to do this task and that task for us; and that money is to be made in 
putting this mixture into places where other people want bridges and 
buildings and dams and roads and reservoirs, and so on. 

We all know, too, that recently we have been somewhat mixed up 
about this powder, because certain makers tell us that their brand of 
powder is twice as good as another brand, because some laboratory has 
found that a month after any sand and stone and water are mixed with it, 
some nice little rollers made from it are twice as strong as other little 
rollers made from the other cement. 

But the practical minds of all of us cannot help inquiring about the 
value of this. Does it means that we can strip our forms in one day instead 
of four? Does it mean that we shall have ten years of life in water ex- 
posure instead of five? Does it mean we can use half the quantity of 
cement? And if not, since the old kind of cement gave us more strength 
than we needed, why should we double the strength? 

And as a more pertinent question we ask: Is this increased early 
strength really what we want? Is so reactive a cement giving up all its 
power at one time and having nothing left to go on in after years? Are 
we paying for a spectacular “explosion” as compared to a faithful and 
steady evolution of power? And if not,—if there is additional and new 
virtue in these improved cements,—is there not some way of measuring 
this new virtue, so that we may evaluate it and assay it and find out some 
way to use it, as, for instance, in finding in concrete a tensional stress that 
may be relied on, so that less steel may be required and our structures 
made unassailably cheaper in cost, and therefore find more extended use 
in a greater variety of structures? 

This possibility alone, if realized, would help materially in knocking 
the four-billion ball over the fence; and we wait with interest and eager- 
ness some information on the subject from authoritative sources. 

But even though we stick to the old gray powder, with its known 
virtues, we can have open and inquiring minds as to new uses for it. Per- 
haps, also, we can devise a means of measurement that will tell us how 
to put quality into our concrete. 

As before stated, this cement powder, with water, gives off a whitish 
“glue”; and this “glue” will usefully stick stone and sand together in a 
very satisfactory manner. Under a magnifying glass, or better, under a 
microscope we can watch this glue forming; and we can both see in this 
manner and measure in other ways, that the formation of this glue is very 
rapid if the temperature is high, and so very slow at about 38 deg. F. as 
to be almost imperceptible. So, then, we say in the field, that in hot 
weather forms may be removed very soon after placing concrete, and in 
cold weather, we must wait a longer time until the cement has set and 
hardened. 

Obviously, for this reason alone, any means we can devise of reliably 
increasing this production of glue, regardless of hot weather or of cold 
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weather, would enable us to better compete with other structural materials 
and at a greater profit. This means might be a catalyzer—a substance that 
itself does not change in nature or enter into the reaction, but that speeds 
up the reaction; but thus far, no reliable and sure catalyzer has been found, 
but all we need to do is to hunt a little harder. 

Mechanical attrition with slurry-grinding of the cement particles dur- 
ing the normal mixing period has been found very effective. Although not 
as yet commercially available to all, there is a machine which gives more 


FYG. 5.—ARCHITECTURAL. USES OF CONCRETE DEVELOPED BY SURFACING— 
MEADE MEMORIAL, WASHINGTON, D, C. 


glue, more strength, and more endurance to concrete than do machines 
which fail of this attrition in their operation. 

These are clues; and as we study the subject more and more, we begin 
to get more clues and even more clues as to what can be done provided 
we possess a little guts and courage. As we progress in this way, and as 
our eyes look outward instead of inward, four billions of sales by 1930 
begins to look more and more like a piker’s bet. Each hill climbed gives 
us new and ever broader horizons, and the once-distant mountain is not 
so far off as it was a few years ago, for we have airplanes today of more 
than one variety and the old lifetime trudge is now only a hop. 

But while studying the evolution of this useful glue from cement and 
water, we must also look at other things—other things literally by the 
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billions. The co-partners in usefulness of this glue are sand grains and 
stone particles. We buy them and use them literally by the billions and, 
although we seldom do so, it pays us to sit with them, to get acquainted 
with them, and to appreciate them as we should our business associates. 
If we turn our quizzing-glass upon them, we find jewels of color and of 
form, worthy of a costly setting. But because they are common, and be- 
cause they are useful, and because the Medusa on the dollar drives us, 
the only setting we give them is a coating of our useful and unbeautiful 
friend, the glue that comes from cement and water. 

So, when we make concrete we bury all these colors and all these 
excellencies with but occasionally a pang that even the commonest of 
laborers will admit when he picks out in his work a superlatively lovely 
stone and puts it into his pocket to take home for the kids. Millions and 
hundreds of millions of equally beautiful ones we bury in forms with 
never a thought; and we have grown accustomed to having the greatest 
satisfaction in our work if, when forms are removed, this burial is found 
to be most complete by having no break in the evenness of the obscuring 
cement that lies over them. 

But if, while we were doing this, some imperious devil of curiosity 
had required of us a removal of this cement shroud, so as to determine, as 
of a possible visual yardstick, the evenness of our mixture as it finally 
lay in forms, we should have had a revelation. In the first place, we should 
find on most work done in the past, that our mix was anything but even. 
We would be shocked at the difference between the even sections depicted 
by designers on our drawings and the pockets of stone here, the pockets 
of muck there, and the stratification everywhere that stood revealed for us 
to see. And we might very possibly exclaim to ourselves that it was “no 
wonder that Section 3 was going to Hades already.” 

Of course, we would then try again, and pretty soon we would learn 
how to place concrete and how to mix it and how to proportion it, so that 
we could fearlessly undress any of our handiwork, no matter what sort 
of a structure it was in. 

And as we took home with us that evening the vision and image of 
that inspectable and respectable concrete that even our labor gang had 
enthused over, all of a sudden would come a realization that many things 
had been accomplished that had been long desired. By revealing the beau- 
ties of the burial stone, we had very naturally made the concrete beauti- 
ful—suitable indeed, if aggregates were chosen for size and for color and 
so on—for the finest of architectural uses. 

Stone, and in maximum quantity, tooled by the glaciers of ancient 
days if gravel were used, or by crushers if rock were used, but reassembled 
by ourselves and bound together by cement as a permanent surface for our 
structures . . . Four billions in 1930? Easy! 

And as we lived with this, we should learn a world about concrete 
that opened even broader horizons. The glue that we studied so long ago 
needed and demanded and got clean stone surfaces to stick to, else it would 
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not stick. It stubbornly refused to stick to its own near relations, such 
as the surface cement of old concrete, except for a little while; ane as 
for permanently marrying with them, there was nothing doing. 

But here, in this “undressed concrete,” were clean stone surfaces in 
plenty. New cement glue would surely stick to them; and that meant that 
new concrete could be bonded to old; that mortar or stucco could be 
bonded to a wall; that plaster could be bonded to a ceiling; and even that 
members could be pre-cast in a factory and silently “welded” by a pouring 
of grout. 


FIG, 6.—ALL-CONCRETE BUILDING, BOND SURFACED FOR STUCCO. 


And as this eventually turned out, it meant other things—even to a 
complete new philosophy of proportioning and a new system of building 
that today and as of the contracts of 1927, stands concrete over 30 millions 
of dollars to the good and toward the four-billion goal. 

Time and space do not admit of recovering much that should be in 
this paper. It is possible that much that is tempting of inclusion is too 
intricate for presentation, except through some medium which will permit 
of its slow and reflective assimilation by the concrete fraternity. 

Progress is with us. But the great total of progress that will call 
upon the industry to furnish annually to the public four billions or even 
six billions of value within the few years next to come will be brought 
about by the many, not the few, and not least, by the laying aside of old 


492 BETTER CoNCRETE.—Do We Mean IT? 


jealousies, old dicta, and old prejudices, with a joining together of all 
along broad lines. 

But do the vast majority of concrete makers and sellers want “better 
concrete”? They talk of it but do they mean to get it? 

The fair answer as of commerce is, that “better” in the commercial 
sense is closely allied to “cheaper.” There is no slur in saying that 
“cheaper concrete” would open many a sleepy eye at any discussion on 
concrete. 

And fortunately, ‘‘better concrete” and “cheaper concrete” are identi- 
cal. Research—field research as well as laboratory research—proves this 
to be true. In fact, these twin results must be acomplished in the general 
run of work, for the increase of usage of cement in the past few years is 
not commensurate by any means with the increase of usage of competing 
materials. > 

But through the present efforts of a few, the tide seems about to turn. 


Discussion—BETTER CONCRETE. 


W. J. Barney.—This is a very important paper; it seems to me it 
should be brought to the attention of some landscaper. The subject of 
beauty in concrete has been a hobby with me for a long time. Our company 
has been under the infliction year after year of building a most hideous, 
monotonous lot of industrial buildings. I think this condition has arisen 
because most concrete structures are utilitarian and the majority of the 
architectural profession is concentrating its thought on the artistic cre- 
ation of beauty, either in homes, bank buildings or similar structures. 

I think this Institute should organize a committee on Architecture in 
Concrete. One function of that committee should be to gather pictures of 
concrete structures and then take up with the American Institute of 
Architects the question of a more serious consideration of beauty in indus- 
trial buildings. These thoughts that Mr. Johnson has left with us today 
should find some definite form of expression. 

R. W. Arwater.—I would like to reiterate the comments Mr. Bates 
made in his discussion following the symposium on workability, to the 
effect that we have made a little god out of strength, whereas the real 
objective is serviceability. 

If the advancement in the use of concrete, as prophesied by Mr. John- 
son, is to take place, concrete must be more uniformly durable. It is con- 
stantly becoming more apparent that there are criterions of durability such 
as maximum density and minimum permeability and shrinkage. Why then 
should not standardized tests based on these qualities be formulated and 
made available for the use of engineers and contractors throughout the 
country, so that the durability of concrete can be controlled by the use of 
such tests in the same manner that strength is regulated by the use of com- 
pression or modulus of rupture tests. 

If density, permeability and shrinkage can be used to measure the 
probable durability of a concrete, and accepted tests for these qualities are 
made available, then instead of carefully designing a mix for strength and 
leaving its durability to chance, these tests can be made coincidently with 
the compression tests and the mix can be designed and regulated for both 


strength and durability and the resulting material will be a serviceable 


concrete. } 

I would like to suggest to the Institute that, working in conjunction 
with the Bureau of Standards and the American Society for Testing Ma- 
terials, an effort be made to formulate such tests, even though at first they 
may not be perfect, and to place them in the hands of engineers and con- 
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Mr. Barney. 


Mr. Atwater. 
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tractors so that concrete can be made durable as well as strong and thus 
serviceable. 

Mr. Powers. HE. S. Powrrs.—One of my clients was here and heard the talk on 
concrete buildings and the use of concrete in architecture. He came into 
my office next morning and wanted to know what I thought about it. 
He had a good-sized problem that he thought of treating in reinforced 
concrete. What I have seen of that type of construction here in the East 
does not encourage me very much in recommending it. There has been 
some very good work done, but there is a prejudice in favor of old ma- 
terials that exists in the minds of quite a number of architects. On the 
other hand, they are alive to the use of cement and are anxious to have a 
material that will express both strength and beauty in the whole con- 
struction. Their ideal, in fact, is to have a system of construction that 
will express their form without any veneer. What I need is to find out 
whether there is any system of practice that will guarantee good work in 
the field when we undertake to build a building in reinforced concrete. 

i] Mr. Johnson. Vircit L. Jonnson.—Speaking as a member of the American Institute 

f of Architects and also as an engineer, I want to compliment Mr. Johnson on 

his very excellent talk this afternoon. I think he has pictured very clearly 

why an architect does not want to trust himself to an ordinary concrete | 
structure. When engineers and contractors and concrete mixers can pro- 

duce a surface which is dependable, I think they will have accomplished a 

great deal. I do not know why the engineers in this Institute have not 
pointed to the Walnut Lane Bridge, in Philadelphia, as an example. To 

i my mind, this is a poem in concrete. I think if you will look at it today 

you will be impressed with the feeling that its engineer has expressed a 

. thought in the design as well as in the surface of the material. 


CoNGRETE PRIMER. 


By F. R. McMinuan.* 


Foreword. 


This primer is an attempt to develop in simple terms the 
principles governing concrete mixtures and to show how a 
knowledge of these principles and of the properties of cement 
can be applied to the production of permanent structures in 
concrete. No claim is made for completeness of detail, and 
even in presenting the fundamentals, the shortcomings of the 
method are recognized. The reader is referred to the many 
excellent texts and the wealth of technical papers and discus- 
sions for the answers to questions not found here. 

Originally intended only for the beginner in concrete 
construction, the scope of the primer widened as it grew, in 
the hope that it would be of use also to the man at the other 
end of the organization—the man who, though mostly con- 
cerned with the success of the project, is least in a position to 
give attention to the details. 1t may be that in this latter 
respect the primer will find its greatest usefulness. Many who 
have been interested in the cause of better concrete have noted 
the difficulty of making any real progress until someone in 
authority has been convinced that good concrete can he had, 
that it should be had, and having been so convinced, has sent 
out the word that it must be had. If this series of questions 
and answers serves in any way to dispel the mystery of con- 
erete control in the minds of those in authority over concrete 
operations and to leave the conviction that good concrete can be 
had, and had economically, it will have “made good” even 
though the man at the mixer may need some further attention. 


*Director of Research, Portland Cement Association. 
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Cement, Mortar, and Concrete. 


1. Q. What is portland cement? 

A. Portland cement is a finely pulverized material consisting of cer- 
tain definite compounds of lime, alumina, and silica, which 
when mixed with water has the property of combining slowly 
with the water to form a hard, solid mass. Technically port- 
Jand cement is defined in the Standard Specifications and Tests 
for Portland Cement of the American Society for Testing Ma- 
terials as follows: “Portland cement is the product obtained 
by finely pulverizing clinker produced by calcining to incipient 
fusion an intimate and properly proportioned mixture of argil- 
laceous and calcareous materials, with no additions subsequent 
to calcination excepting water and calcined or uncalcined 
gypsum.” 


2. Q. What are the raw materials used in the manufacture of portland 
cement? 

A. The two principal materials from which portland cement is made 
are a calcareous material, such as limestone, chalk, shells, or 
marl, and an argillaceous material, such as clay, shale, or 
blast-furnace slag. Very definite proportions of the several 
components of the raw mixture must be maintained. 


3. Q. How is portland cement made? 

A. The raw materials, which are finely ground and intimately mixed, 
are heated to the beginning of fusion (about 2,600° F.), usu- 
ally in great rotary kilns which may be as large as 300 ft. 
in length by 12 ft. in diameter. The partially fused or sin- 

’ tered material which emerges from these kilns is called “clin- 
ker.” The clinker is cooled and mixed with a small amount 
(2 or 3 per cent) of gypsum rock or gypsum plaster. This 
mixture is then ground to a very fine powder which is the 
portland cement of commerce. 


4. Q. What causes the hardening of portland cement? 

A. When portland cement is mixed with enough water to form a 
paste, the compounds of the cement react with the water to 
form both crystalline and jelly-like products. These products 
adhere to the aggregate and to each other and become very 
hard. If the materials are kept moist, the reactions may con- 
tinue for years, and thus the product continues to become 
stronger over a long period of time, 
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5. Q.. What is meant by “setting of cement’? 


A. 


6. Q. 


When mixed with water, cement forms a paste which remains 
plastic for a short time, but as the reactions with the water 
proceed, the mix begins to stiffen or “set.” At this stage of 
the “setting” it is still possible to disturb the material and 
remix without injury, but as the reactions between the cement 
and water continue, the mass loses completely its plasticity, 
and if disturbed or remixed, the strength will be seriously 
impaired. This early period in the hardening of cement is 
spoken of as the “setting period,” although there is no well- 
defined break in the hardening process. Onee the mass has 
definitely hardened, the chemical action continues, building 
up a firm internal structure which gains in hardness and 
strength as it proceeds. The “set” and subsequent hardening 
process are the same whether the cement is used alone or in 
combination with aggregates. 


What is meant by “initial set” and “final set” in reference to 
cement? 


A. Among the other tests for cement, there is a test for “time of set- 


tes 
A. 
San Qe 
A. 
9. Q. 
A. 


ting” in which the initial and the final set are determined by 
the application of the Vicat or Gillmore needles to the smooth 
surface of a pat of cement paste. The application of both of 
these methods consists in determining the time when the paste 
has stiffened to a definite degree as indicated by the failure 
of the needles to penetrate a prescribed amount or to make 
appreciable indentations on the surface. The weights and 
areas of the needles are purely arbitrary and the conditions 
of hardness which identify the periods selected for the initial 
and final set are only passing stages of the hardening process, 
and are not points that mark definite changes in the manner 
of behavior of the cement. 


What is concrete? 

Concrete is a mixture in which a paste of portland cement and 
water binds fine and coarse materials, known as “aggregates,” 
into a rock-like mass as the paste hardens through the chemi- 
cal action of the cement and the water. 


What is mortar? 
Mortar is a mixture similar to concrete in which no large-size 
aggregates are used. 


What are aggregates? 

Aggregates are the inert materials used in concrete and mortar 
mixtures principally to increase the mass and reduce the cost 
of the product. Aggregates are usually divided for convenience 
into fine and coarse. Sand is the most common form of fine 
aggregate, and gravel or crushed rock, the most common form 
of coarse aggregate. 
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10. Q. Is portland cement a modern product? 

A. Portland cement was patented by Joseph Aspdin in 1824, At 
first its use was confined to mortars for sub-aqueous masonry, 
but with the perfection of its manufacture, it came into gen- 
eral use for masonry mortars and in concrete as a substitute 
for stone masonry. Following the invention of reinforced con- 
crete, it became one of the principal manufactured products 
of commerce. In the last quarter century the use of portland 
cement has continued to expand until now almost no engineer- 
ing or construction project is carried out without portland- 
cement concrete in some part of the work. 


Il. Q. Has the practice of concrete construction been developed solely by 
experience, or has scientific research aided in its growth? 

A. Concrete and reinforced concrete have had the benefit of more 
engineering study and research than any other building mate- 
rial. In addition, because of its great adaptability and use- 
fulness, concrete construction has developed through experi- 
ence as probably no other engineering art. 


12. Q. Are the properties of concrete well enough known to enable safe 
and durable structures to be built? 

A. The principles of concrete making and the laws of concrete be- 
havior are well enough established through experience and 
research to make possible the safe design of structures to 
meet the requirements of any engineering project. 


! LS. 


Q. Can these principles and laws of concrete construction be explained 
in simple terms? 

| A. Yes, but their complete mastery will require thoughtful study. 
Lh. Q. What are the essential requirements for a successful concrete 
: Structure? 

} A. 


The concrete must have sufficient strength to carry the loads im- 
| posed. The concrete must be able to endure under the conditions 
| of exposure to which it will be subjected. The concrete must 
be economically produced in comparison with other materials 
| ; equally strong and durable which might be used. Thus the 
requirements may be briefly stated as: strength, durability, 
| economy. In this primer, it is proposed to develop in logical 
| sequence the many considerations necessary to produce con- 


crete structures in which these requirements will be in proper 
balance. 


| Factors Affecting the Strength of Concrete, 
15. Q. What is the most common measure by which the quality of con- 
crete is judged? 
A. Compressive strength. 
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Does a high compressive strength indicate that the concrete pos- 
sesses other desirable qualities in a high degree? 

It does to a very considerable extent, though not always. The 
factors which improve the compressive strength generally im- 
prove the other qualities. 

When is a high compressive strength not a sufficient guarantee of 
the quality of a structure? 

When it is not accompanied by watertightness, high compressive 
strength may lead to a false security in the quality of the 
structure. 


What are the factors governing the compressive strength of con- 
crete? 

The principal factors governing the compressive strength of con- 
crete are the following: curing conditions, age, character- 
istics of the cement, quantity of the cement, quantity of 
mixing water, influence of the aggregates, time of mixing, and 
conditions of test. 


or CONCRETE: 

What conditions are required for the continued hardening or in- 
crease in strength of portland cement concrete? 

The continued chemical reaction upon which the increase in 
strength depends requires the presence of water and favorable 
temperatures. 

What is meant by curing? ; 

The term “curing” is used in reference to the continuing of these 
chemical reactions. In the presence of water and favorable 
temperatures, curing can proceed. It is through this curing 
that the internal structure of the concrete is built up to pro- 
vide strength and watertightness. 

What is meant by properly cured concrete? 

This term is more or less indefinitely used to indicate that the 
chemical reaction has progressed to a point that insures satis- 
factory performance of the concrete in the structure. 

Is there any measure of the completeness or adequacy of curing? 

No, except with reference to the strength or some other specific 
property of the concrete, such as permeability. 

Will concrete continue to harden or increase in strength if there 
is no water present? 

No. With a total absence of water, concrete does not continue te 
harden or increase in strength. 

Can concrete, which has dried out at the early ages, be restored 
by moist curing? 

Yes, but at some sacrifice of strength. The most favorable period 
for curing is that during the first few days or weeks. Con- 
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tinued moist curing after a period of drying out will continue 
to add strength, but at a less rapid rate. ; 

Does additional curing improve the quality of concrete in other 
ways than in strength? 

Yes. All desirable properties of the concrete—wear resistance, 
bond strength, watertightness, etc.—are improved by addi- 
tional curing. 


How much water is required for the hardening of concrete? 

This cannot be answered in definite figures. As the hardening 
continues, water continues to enter into combination with the 
cement, forming a part of the permanent internal structure. 
The proportion of water actually entering into the combina- 
tion may vary from as little as 5 to as much as 25 or 30 per 
cent of the cement by weight, depending upon the age and 
curing conditions. 


Does the amount of water ordinarily used with cement in mortar 
and concrete greatly eaceed that required for completion of 
the chemical reactions? 

Yes. In order to place concrete properly, fluidity or plasticity is 
required far in excess of that which would be furnished by an 
amount of water only sufficient to complete the reactions. 

What part has temperature in curing ? 

The reactions proceed more rapidly, the more favorable the tem- 
perature. 

What temperatures are unfavorable for curing? 

Temperatures below 50°F. are considered unfavorable for the 
early curing period. Below 40°F., the curing is greatly re- 
tarded and at freezing temperatures, it is extremely unrelia- 
ble. Fig. 1 shows the effect of temperature on the strength of 
concrete cured in a moist atmosphere and tested wet. 

What is the effect of freezing on concrete? 

Freezing of fresh concrete is very harmful. It disrupts the mass 
and permanently impairs the strength. 

Can concrete, which has been frozen, be recovered? 

If thawed out without being disturbed and good curing conditions 
are maintained, concrete will acquire considerable strength, 


but available tests indicate that it never will attain its full 
potential value. 


What special precautions should be taken in case concrete has 
frozen? 

It is particularly important to keep it from drying out after hav- 
ing thawed. Flooding with warm water and keeping the sur- 
rounding air at temperatures above 70°F. would be the best 
treatment. Because of its low absolute humidity, winter air 
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has a great avidity for water when its temperature is raised, 
so that an unprotected concrete structure dries out very 
rapidly in such air. 

AGE: : 

33. Q. What part does the age play in the strength. of concrete? 

A. As pointed out in the answers to previous questions, concrete 

continues to gain in strength for a long period, provided the 
temperature and moisture conditions are favorable. Thus, the 
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FIG. 1.—EFFECT OF TEMPERATURE DURING CURING ON THE COMPRESSIVE 
STRENGTH OF CONCRETE. DATA TAKEN FROM BULLETIN 81, EN- 
GINEERING EXPERIMENT STATION, UNIVERSITY OF ILLINOIS. 
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strength is necessarily a function of the age. Fig. 2 shows 
the age-strength relation for several grades of concrete made 
from a mixture of four brands of cement and average sand 
and gravel aggregate. : 

34. Q. At what age is concrete generally tested to ascertain its quality 
and to compare with standard specifications? 

A. Generally at 28 days. Oftentimes, it is convenient to know some- 

thing of the quality of the concrete in advance of this period 
and 7-day and earlier tests are now quite commonly made. 
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CHARACTERISTICS OF THE CEMENT: 
35. Q. How do the characteristidah of the cement affect the compressive 
strength of concrete? 
A. All portland cements behave similarly, although the gain in 
strength with age is not always the same. Some cements gain 
their strength more rapidly at first, while others show greater 
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FIG. 2.—INCREASE OF STRENGTH OF CONCRETE WITH AGE. MOIST CURING, 
SPECIMENS TESTED WET, 


increase for the longer periods. Therefore, the compressive 
strength of concrete at any age is affected by the character- 
istics of the cement. 
36. Q. Is there a minimum requirement as to strength for portland 
cement at given ages? 
A. Yes. There is a standard specification which is practically uni- 
versal in the United States. This is known as the “Standard 
Specifications and Tests for Portland Cement” (Serial Desig- 
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nation: C 9-26) of the American Society for Testing Mate- 
rials. To pass these specifications, the cement must show 
among other requirements a certain tensile strength at 7 and 
28 days when tested in the prescribed manner. 


87. Q. Is the value of a cement as a construction material measured 
solely by its 7 and 28-day strengths? 
A. The value of a cement to a construction project must be measured 
by its long-time performance, and not by its early strength. 
The specifications recognize this fact in that the limits set 
for the early strength may be considered as the minimum 
desirable values. 


38. Q. Are the standard specifications a sufficient guarantee that the 
cement will be satisfactory for concrete construction? 

A. Yes. The standard specifications have been built up through years 
of experience and experimentation to protect the buyer of 
cement on all elements of quality. The fact that different 
cements exceed the minimum early strength requirements by 
different amounts is not of great significance; such differences 
as do exist become less and less with age. 

39. Q. How does the quantity of cement influence the strength of con- 
crete? 

A. Just as with other materials, the more that is used, the greater 
the strength. The more cement that is used with a given 
quantity of aggregates the less the water needed to produce 
the desired consistency, and therefore, as explained in the 
next question, the greater the strength. 


Quantity or Mixing WATER: 
40. Q. How does the quantity of mixing water affect the strength? 

A. The strength of a hardened cement paste is found to vary mate- 
rially with the amount of water used in mixing. The use of 
about 2%4 gal. water for each sack of cement makes a paste 
that can be stiffly molded. Water in excess of this amount 
renders the mix more plastic, but has the effect of diluting 
the paste and reducing the potential strength. 


41. Q. Is there any fixed relation between the quantity of water used in 
the paste and the strength? 

A. Yes. Tests have shown a very constant relation for given mate- 
rials and standardized conditions of making, curing, and 
testing. 

42. Q. Does this relation between the strength and water content of the 
paste hold good when aggregates are used in the min? 

A. Yes, provided the quantity used is not so great as to make the 
mixture too stiff to mold properly, and that clean aggregates 
of structurally sound particles are used. Fig. 3 shows the 
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results of Abrams’ tests on a large number of mixes. This 
figure shows the 28-day strength for a given set of conditions 
to be represented by a fairly definite curve. 


43. Q. Have other .tests shown the same relation between strength and 
quantity of miming water as that first found by Abrams? 

A. Yes, the general character of this water-cement ratio-strength re- 

lation for plastic concretes has been clearly established by 

many subsequent tests by Abrams and others. The curves all 
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have the same characteristics though the strengths for the 
same water-cement ratio are not exactly the same. 

44. Q. What factors cause the difference in strength for given water- 
cement ratios and standardized conditions of making and 
testing? 

A. Principally differences in materials. As pointed out in the answer 
to Question 35, not all cements have the same strength for a 
given set of conditions. Likewise, as pointed out in answer 
to Question 45, differences in aggregates have some effect. 

In a series of questions and answers to follow (Questions 86 to 
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100) the use of the water-cement ratio-strength relation in 
designing concrete mixtures is explained. 


INFLUENCE OF THE AGGREGATES; 


45. Q. How does the character of the aggregates influence the strength 
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of concrete? 

The principal factors are the capacity to absorb water, the sur- 
face characteristics, the shape and size of the particles, and 
the combination of sizes, that is, grading. 

How does the absorption of the aggregate affect the strength? 

By extracting water from the mix, it has the effect of reducing 
the quantity of mixing water, and therefore, increasing the 
strength. 

How do the surface characteristics affect strength? 

By affecting the adhesion of the cement paste to the aggregate 
particles. The presence or absence of dust, the roughness and 
texture affect the adhesion. 


How do the shape and size of the particles affect the strength? 

By affecting the grip or bond with the cement paste and by affect- 
ing the amount of paste that is required for a given mix. 
Also, by introducing planes of weakness where large unbroken 
areas of the aggregate surface occur. 


Does the grading of the aggregates affect the strength of concrete? 

When the water-cement ratio is the same and the mixes are plas- 
tic, considerable changes in grading affect the strength of the 
concrete only to a small degree. The principal effect of chang- 
ing the aggregate grading is to change the amount of cement 
and water needed to make a plastic mixture. (See Question 
40, also 108 to 116.) 


Does the strength of the aggregate particles affect the strength of 
concrete? 

Except for very weak aggregates, the strength of the particles 
affects the strength only slightly. Strength of particles in 
excess of the potential strength of the concrete itself is of no 
avail. Weak aggregate particles, of course, limit the potential 
strength of the concrete. 

For a given water-cement ratio and standardized conditions of 
test, are the differences in strength of concretes made from 
different aggregates important? 

They may be, but generally, if allowance is made for reduction 
in the water-cement ratio by the absorption, the ordinary sizes 
of the more common aggregates will give about the same 
results. 

What is the most important requirement of a concrete aggregate? 

That it shall not change in structure or composition under the 
condition to which it will be exposed. 
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TIME OF MIXING: 


53. Q. How does the time of mixing affect the strength of concrete? 

A. Increased time of mixing increases the strength. The increase in 
strength is rapid for increase in time up to about 1 minute; 
beyond this, the increase is much less rapid. Beyond 2 min- 
utes, there is little strength to be gained by further mixing. 


54. Q. What time of mixing is recommended? 

A. For most work at least one minute is desirable. The time of mix- 
ing should refer only to the actual mixing period after all 
materials are in the mixer. Where watertight concrete is 
required, or under severe conditions of exposure, 11% or 2 min. 
should be the minimum. 


CONDITIONS OF TEST: 


55. Q. What are the conditions of test which affect the strength of con- 

erete? 
A. The principal factors affecting the strength results are: 

Method of making specimen. 
Size and shape of the test specimen. 
Irregularities in the test specimen. 
Moisture content of the test specimen. 
Method of capping before testing. 
Type of bearing block in testing machine. 
Rate of application of the load. 


56. Q. How does the method of molding affect the test results? 

A. Unless the specimens are carefully molded, erratic and irregular 
results will be obtained. The concrete should be placed in the 
mold in several layers, rodding each layer before more con- 
crete is introduced. The moid should be held firmly in a ver- 
tical position during filling and stand on a base plate that 
is a true plane. (See A. S. T. M. Standard Methods of 
Making Compression Tests of Concrete—Serial Designation: 


C 39-27.) 


What size and shape of specimen are recommended? 
A. Cylinders in which the height is two times the diameter, and the 


diameter at least four times the size of the largest aggregate 
particles. 


a 
= 
=) 


58. Q. What irregularities are to be avoided in the test specimen? 
A. Uneven ends, specially convex ends, ends not parallel, axes not 
vertical. A convexity of 0.01 in. on the end reduces the 
strength about 25 per cent. Ends out of parallel or axes not 


vertical by more than 14 in. will reduce the strength even 
though a spherical bearing block is used. 
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Does a wet specimen test higher than a dry one? 

No. Drying out before test will increase the strength from 20 to 
30 per cent. 

What methods of capping are recommended? 

Whenever possible, caps should be placed at time of making 
according to the A. S. T. M. Standards. Otherwise the speci- 
men should be capped or bedded with a thin layer of gypsum 
plaster about an hour before testing. 

In testing cylinders, why is it desirable to use a spherical bearing 
block? 

A spherical bearing block is necessary in order to insure the uni- 
form distribution of the load over the cross-section of the 
specimen. 

How does the rate of application of the load affect the results of 
compression tests? 

The faster the load is applied, the greater is the indicated 
strength. A.S.T.M. “Standard Methods of Making Compres- 
sion Tests of Concrete” (Serial Designation: C 39-27) require 
that the load be applied uniformly and without shock, and 
at a rate such that the moving head of the testing machine 
travels about 0.05 in. per minute when the machine is running 
idle. This rate applies to the test of the standard 6x 12-in. 
eylinder. 

Are there standard methods of making and testing concrete speci- 
mens? 

Yes. A. S. T. M. Standard Method of Making and Storing Speci- 
mens of Concrete in the Field (Serial Designation: C 31-27). 
A. S. T. M. Standard Methods of Making Compression Tests 
of Concrete (Serial Designation: C 39-27). 

These should always be followed where possible. In any case, 
great care should be used in all operations of making and 
testing. 


Problems of Proportioning. 


What proportions of aggregate and cement are required for con- 
crete? 

That depends on the requirements of the work. 

What are the factors governing the proportions of cement and 
aggregates? 

The principal factors are: 
The requirements as to placing, 
The strength needed, 
The quality of the concrete necessary to meet the given condi- 

tions of exposure, 

Considerations of economy. 
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i CONSISTENCY AND WORKABILITY: 


66. Q. How do the requirements of placing affect the proportions of 


aggregates and cement? 


A. The size and shape of the structural member and the amount and 


disposition of the reinforcement fix definite limits to the con- 
sistency and workability of the concrete. Both the consistency 
and workability are dependent upon the relative quantities of 
aggregates and cement. 


What is meant by each of the terms “consistency,” “plastic,” and 
“workability” as applied to concrete mixtures? 

“Consistency” is a general term relating to the character of the 
mix with respect to its state of fiuidity. Consistency em- 
braces the entire range of fluidity from the driest to the wet- 
test possible mixtures and requires a qualifying term for 
definiteness. Thus, we say-that concrete has the consistency 
of damp earth or of thick mush. 

The term “plastic” is used to describe a consistency of freshly 
mixed concrete which can be readily molded, but which 
changes form slowly when the mold is removed. A plastic 
consistency is between the dry, crumbly consistencies on the 
one hand, and the very fiuid or watery consistencies on the 
other. A mass that is “plastic” does not crumble. It flows 
sluggishly and without segregation. 

The term “workability” is used with reference to concrete mix- 
tures to describe the ease or difficulty which may be encoun- 
tered in placing the concrete in a particular location. It 
involves not only the thought of a consistency of concrete, 
but also the condition under which it is to be placed—size 
and shape of the member, spacing of reinforcement rods, or 
other details interfering with the ready filling of the forms. 
A stiff plastic mixture with large aggregate, which is work- 
able in a large open form, would not be workable, for example, 
in a thin wall of complicated reinforcing details. 


What is the quality of a plastic consistency that makes this con- 
sistency desirable for placing concrete? 

In a plastic concrete, the aggregate particles are virtually floated 
in the cement paste. This insures the complete incorporation 


of all the particles and eliminates the possibility of voids 
between them. 


If the cement paste is not sufficient in amount to float all of the 
aggregate particles, what is the condition? 

The mass is granular or crumbly. It is not mobile and cannot be 
molded in the forms except by heavy ramming, and even 
then may be honeycombed or have unfilled voids. 
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If the paste is ample in amount, but is too thin and watery to 
float the aggregate particles, what is the result? 

The mixture will segregate, the thin paste separating from the 
coarse aggregate particles to leave a non-homogeneous and 
porous concrete. 

Are the dry, crumbly consistencies, or the thin, watery consisten- 
cies desirable in concrete? 

No. For uniform, watertight, and weather-resistant concrete, it is 
essential that the concrete be placed in a plastic consistency. 
Tests and experience have clearly shown that neither the 
over-wet mixes, nor the dry, crumbly ones (except when 
placed and rammed with greatest care) give concrete free 
from voids, sand streaks, or stone pockets. 

In a mass of freshly-mixed concrete of plastic consistency, is all 
of the space between the aggregate particles filled with the 
cement paste? 

Yes, except for a very small amount (less than 1 per cent usu- 
ally) of air which may be entrained in the paste. 

What happens to an already plastic concrete if still more paste 
is added? 

The aggregate particles are pushed apart and the volume of con- 
crete is increased by exactly the volume of the paste added. 


With this additional paste, is the mass more fluid or workable? 

Yes. Adding paste makes the concrete more workable; adding 
aggregates makes it stiffer or less workable. 

What happens to an already plastic concrete if water alone is 
added? 

The added water increases the volume of the paste and at the 
same time makes it more fluid. Thus, the concrete itself is 
increased in volume by the volume of water added and is like- 
wise made more fluid. 


What happens if only cement is added? 

The volume of paste is increased; likewise, the concrete volume. 
In this case, the paste itself is stiffened, but the fluidity of 
the concrete may be somewhat increased due to the larger 
volume of paste even though the paste itself is somewhat 
stiffer. 


Trsts FOR WORKABILITY AND CONSISTENCY: 


77. Q. Is there any measure of consistency or workability? 


A. 


No absolute measure has yet been devised of either consistency or 
workability. 


78. Q. Is the slump test of value as a measure of consistency or work- 


A. 


ability? 
The slump test can be very useful as an indication of consistency 
and with certain mixes also of workability. 
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79. Q. How is the slump test made? 
A. A mold in the form of a frustum of a cone, 12 in. high, base 
diameter 8 in., top diameter 4 in., is filled with the freshly- 
mixed concrete in 3 layers; each layer being rodded with a 
5g-in. bullet-pointed rod 25 times. When filled, the top is 
struck off and the mold lifted. The amount which the mass 
settles as the mold is removed is termed the “slump.” A 
small slump indicates a stiff consistency and a very large 


FIG. 4.—THE SLUMP TEST. LEFT, FILLING THE SLUMP CONE. RIGHT, 
MEASURING THE SLUMP. 


slump, a very wet consistency. Fig. 4 shows the filling of 
the slump cone and measuring the slump. 

80. Q. Why is the slump test not an absolute measure of consistency or 
workability? 

A. Because it does not distinguish between mixes of a different char- 
acter. For example, a harsh coarse mix cannot be said to 
have exactly the same consistency as one with a large propor- 
tion of sand even though they have the same slump. In the 
case of workability, it is even more difficult to judge the 
character of the mix by the slump. 


81. 


382. 
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When is the slump test a good guide to consistency? 
When the mixes and the aggregates remain unchanged, the slump 


test gives a good measure vf any changes in consistency. 
Where the materials are being accurately measured, a change 
in the slump as the work proceeds indicates either a change 
in the grading of the materials, or a change in water content. 
The slump test under these conditions can be a goud basis for 
control. 


When does the slump test provide a useful indication of work- 


ability? 


If mixes have been specified which are truly workable for the 


given structure, then small changes in slump may be consid- 
ered as indicating corresponding changes in workability. 


STRENGTH OF CONCRETE TO USE: 
83. Q. What strength of concrete is needed for different classes of work? 
A. No fixed values can be given for any class of work. Large mem- 


84. 


Q. 


A. 


bers of low-strength concrete may occasionally prove more 
desirable than small members of high strength. Ordinarily, 
that strength is most desirable which gives the greatest econ- 
omy in design, but frequently other considerations such as 
clearances, head room, and weight of structure may be of 
greater concern than the mere question of cost of the concrete 
itself. Even where this cost is the only consideration, varia- 
tions in cost of constituent materials and in plant and labor 
charges make it undesirable to attempt a too arbitrary classi- 
fication of values. 


Has it not been the practice to adopt certain arbitrary strengths 


as suitable for different classes of work? 


Yes, quite generally, and these values can usually be taken as a 


guide. It is, however, becoming more the practice to specify 
the strength of concrete for a given set of conditions just as 
different grades of steel are specified for different classes of 
structures. 


How can the strength of concrete be predetermined? 
The advance in knowledge of concrete mixtures in recent years 


makes it possible to “design mixtures” for given conditions 
with considerable accuracy much the same as the science ot 
metallography has made it possible to produce different steels 
for special purposes. 


Design oF CONCRETE MIXTURES FOR STRENGTH: 
86. Q. What is the basis of the design of concrete miatures for strength? 


A. The relation between the quantity of mixing water and the 


strength of the concrete gives a good basis for the design of 
mixtures. 
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Is the Abrams’ curve shown in Fig. 3 a good basis for design? 

In the absence of reliable tests on the materials to be used, this 
curve makes a satisfactory basis for design for normal tem- 
peratures and where the job conditions, particularly with 
reference to the water-cement ratio, are to be carefully con- 
trolled. A somewhat lower set of values should be used for 
the job where accurate measurement of the water is not 
possible. 

What is the most desirable way of utilizing the water-cement 
ratio principles in the design of concrete mixes? 

To have a reliable series of tests made from the materials to be 
used covering a series of water-cement ratios so that a 
strength curve for the particular conditions can be estab- 
lished. With this water-ratio strength curve established mixes 
can be designed as required for any strength. 


How many tests should be made and what precautions followed 
to obtain a reliable curve for a given job? 

That would depend upon the importance of the work and the 
previous experience with the given materials. A minimum 
would be tests for five different water ratios with three speci- 
mens for each condition of test. The mixes should be of 
approximately the consistency that will be required. All 
specimens and tests should be made by experienced or prop- 
erly qualified persons and following the standards of the 
American Society for Testing Materials. 


Should the specimens be cured on the job, or under the standard- 
ized method for laboratory specimens? 

They should preferably be cured in a moist atmosphere at approx- 
imately 70° F. In any case, the temperature should be con- 
stant over the curing period. Otherwise, there would be no 
proper basis for comparing the results with known standards 
or of duplicating them later on the work, if changes in mate- 
rials or other conditions make further tests necessary. 

Would it not be desirable to have some specimens cured on the 
work under the prevailing conditions? 

Yes. Such tests are desirable both as a check on the quality of 
concrete going into the structure and as a measure of the 
severity of the exposure. These tests, however, will be of 
greater value when supplemented by the tests under stand- 
ardized conditions; otherwise, it would not be possible to pro- 
vide correctly for changes in job conditions. 

Is it desirable that regular tests be carried out during the prog- 
ress of the work? 

Yes. Particularly so where widely varying temperature conditions 
are to be encountered. 
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93. Q. Is there any way of anticipating the water-cement ratio required 


A. Yes. Fig. 5 will serve as a useful guide. 
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for different strengths for temperatures other than 70°F. 
under which Abrams’ tests were carried out? 

The curves in this fig- 
ure are based on the data given in Bulletin 81 of the Univer- 
sity of Illinois Experiment Station, covering tests on concrete 
cured in a moist atmosphere at various temperatures. The 
reduction coefficients from these tests (see Fig. 1), have been 
applied to the Abrams’ curve Fig. 3 to give the values shown. 


60 , 
Woter- Cement ratio, U. 8, Gals. per Sack (94 /b.) 


FIG. 5.—WATER-CEMENT RATIO-STRENGTH RELATION FOR MOIST-CURED CON- 
CRETE AT DIFFERENT TEMPERATURES. CURVE A FOR 70° F., THE SAME 


ZO 30 90 


CURVE FOR OTHER TEMPERATURES DE- 
DUCTED FROM CURVE A BY THE DATA FROM FIG. l. 


94. Q. What is the procedure for designing miatures by the water-cement 


ratio method to give a desired strength of concrete? 


A. The water-cement ratio to be used for the desired strength of 


concrete is selected either from the curves of Fig. 3 or 5, or on 
the basis of tests made for the particular job as described in 
the answers to Questions 89 and 90. Having selected the 
water-cement ratio for the strength desired, trial batches can 
be made up in which cement and water are mixed in this 
proportion and aggregates added until a workability suitable 
for the structure is obtained. 
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Is it necessary to take into account the surface or free water car- 
ried by the aggregates? 


. Yes, the water-cement ratio, which fixes the strength of concrete, 


is based on the quantity of water actually entering the mix. 
If some of it is introduced into the mix in connection with 
the aggregate, the amount to be added in the usual way at 
the time of mixing must be reduced accordingly. 

If dry aggregates are used, some water is absorbed from the mix 
during the operation of mixing and placing. Should this be 
taken into account? 


. Yes. If the amount absorbed during this period is in measurable 


quantities, allowance can be made by increasing accordingly 
the amount added at the mixer. 


Should allowance be made for any watér that is lost by evapora- 
tion during transporting and placing? © 

Yes. The effective water-ratio which determines the strength can 
be considered the net amount remaining in the cement paste 
after the concrete is in place and thoroughly consolidated. 
Water extracted from the mix, after the concrete is in place 
and while still plastic, in a manner which permits of the con- 
solidation of the mass, may be deducted in computing the 
effective water-cement ratio. ‘This extraction of water is 
highly beneficial so long as the concrete continues to consoli- 
date without losing its plasticity. The extraction of water 
beyond the point where its place is not taken by further con- 
solidation of the mass is undesirable as it leaves pores or 
voids which will hasten the drying out of the concrete. 

How can the surface or free water carried by the aggregates be 
determined? 

There are several methods which can be used. A description of 
some of these appears at the end of this primer. 

Can the surface water carried by the aggregates be estimated for 
average conditions? 

Only in the roughest sort of way. The following values can be 
taken in the absence of any tests, but it should be remem- 
bered that these are subject to considerable variation: 


APPROXIMATE AMOUNTS OF FREE WATER IN 
AVERAGE AGGREGATE. 


U.S. Gall 
Condition of Aggregate per Cubie Foot 
Mery wet: sand ase)ic) Pani ae eee aera % tol 
Moderately, wet sand) )j3.1..eicmee eee % 
Motstysand,& 0: .cn lcci Gree yy 
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AGGREGATE PROPORTIONS: 


100. Q. What is the procedure for determining the proper quantities of 
aggregates to be added? ; 


A. A good way is to begin with a mix that previous experience indi- 
cates should approximate the requirements for the particular 
job. This mix can be made up in the usual way except that 
the water should be measured to give the water-cement ratio 
selected (correcting, of course, for surface water carried by 
the aggregates, or for losses through absorption as the case 
may be). From the appearance of this first mix, it will be 
easy to decide upon the quantities to use for the second trial 
batch. After a few trials the most desirable proportions can 
be selected. 

In these trial batches, a record should be kept of the amount of 
cement, fine and coarse aggregate used, and of the quantity of 
concrete produced in each case. From this record for several 
batches, it will be possible to compare the different mixes on 
the basis of cost of materials as well as for workability. 


101. Q. Does the amount of aggregate added, or the proportion of fine to 


coarse affect the strength of the concrete? 

A. So long as the mass remains plastic and workable, varying these 
quantities within the limits ordinarily desired will make no 
appreciable change in strength for a given water-cement ratio. 


102. Q. Does the grading of the aggregate affect the strength of the con- 
crete where the water-cement ratio is fined? 
A. So long as the mixes remain plastic and workable, ordinary varia- 
tions in grading will make no appreciable changes in strength 
for a given water-cement ratio. 


103. Q. Under the old method of specifying concrete on the basis of arbi- 
trary proportions, such as 1:2: 4, how does the grading of 
aggregate affect the strength? 

A. Where fixed proportions are specified, differences in grading re- 
quire different amounts of mixing water to produce the de- 
sired workability, and therefore, give different strengths. 


104. Q. Where mixes are to be designed for a given water-cement ratio, is 
the grading of the aggregate an important consideration? 
A. Grading is important in that it affects materially the quantity of 
aggregate which can be used with a sack of cement and its 
fixed proportion of water to obtain a desired consistency. 


105. Q. What should be the guide in fiaing the proportions of cement, and 
fine and coarse aggregate? 
A. The ease and convenience in placing and the cost. 


\ 516 CoNCRETE PRIMER. 


106. Q. Are the mixes which place most easily likely to be the lowest in 
cost when designing mixes for a given water-cement ratio? 

A. No. On the contrary, these are two opposing factors. For a given 
water-cement ratio, the principal item in the cost of concrete 
is the amount of aggregate that can be used with a sack of 
cement and its fixed proportion of water—the greater the 
amount of aggregate, the lower the cost. Ease of placing, on 

“the other hand, results from using a small amount of aggre- 
gate which gives greater fluidity. Thus, the tendency when 
designing mixes for a fixed water-cement ratio should be to 
use the largest amount of aggregate possible without sacri- 
ficing proper workability or increasing unduly the cost of 
placing. 


107. Q. What is meant by the term “yield” and cement factor”? 
A. “Yield” refers to the quantity of concrete produced from a sack 
of cement. 

“Cement factor” refers to the quantity of cement in a cubic yard 
of concrete. Thus, if 5 sacks of cement are required for one 
cubic yard of concrete, the cement factor is 1.25 bbl. per 

ti cu. yd. and the yield is 5.4 cu. ft. of concrete per sack of 
i cement. 

Sometimes, the term “yield” is used to indicate the volume of 
concrete produced in terms of the quantity of combined agere- 
i gates used. Thus, a mixture of 4 cu. ft. of combined aggre- 
| gates with 1 bag of cement giving 4.4 cu. ft. of conerete would 
have a yield of 1.10. 


108. Q. Does the relative proportion of fine and coarse affect the yield, 
‘ that is, amount of aggregate that can be used with a sack of 
i cement and a fixed proportion of water? 
i 
(F 


A. Yes, very materially, as will be explained in the answers to the 
next few questions. 


= - = 2 SL 


109. Q. Does a high proportion of coarse or a high proportion of fine 
aggregate tend to increase the yield where there is a fixed 

{ ratio of water to cement? 

! A. Generally, a high proportion of coarse aggregate (within the 

limits given in answer to Question 116) permits the use of a 

i greater quantity of combined aggregate for a given con- 

sistency, 


110. Q. How does the yield of an all-sand mizture compare with that 
where sand and coarse aggregate are. used in proper pro- 
portions? : 

A. Where the quantity of water is limited to a definite proportion of 
the cement, the yield of an all-sand mixture is relatively low. 
See also answer to Question 112. 
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111. Q. Why does an all-sand mia or one with a very high proportion of 
fine aggregate reduce the yield when used with a fixed water- 
cement ratio? 


A. Because of the large surface areas to be coated with the paste, 
the excessive quantity of fines stiffens the mix rapidly so that 
only a small yield can be obtained and the mix remain plastic. 


112. Q. What is the relative effect of additions of fine and coarse aggre- 
gate? 

A. The following table shows how the addition of fine material 
stiffens the mix of fixed water-cement ratio more than corre- 
sponding additions of coarse. These data are from actual 
tests using sand and gravel aggregates, the mixes indicated 
being on the basis of dry, compact volumes: 


AN, 


Water Cement 


Mix Ratio Yield 

Dry, Compact U.S. Gallons Cubic Feet Concrete Slump 
Volumes per Sack from 1 Sack Cement Inches 
1:1%:3 5% 4.2, 8.0 
1: 2%: 3 5% 5.0 0.5 
1:1%:4 534 4.9 4.5 
1: 3:0 6 3.4 0.8 
L233 614 4.7 7.8 
1333 61% 5.7 0.6 
12:4 614 5.4 6.0 


ee ee ——— 


The table shows that adding 1 cu. ft. of sand to the 1: 14%: 3 mix 
to obtain the 1: 214: 3 mix reduces the slump from 9.3 to 0.5 
in., while adding 1 cu. ft. of coarse aggregate to obtain the 
1: 114: 4 reduces the slump only to 4.5 in. Similarly, in the 
second group of mixes for a water-cement ratio of 6% gal. 
per sack, the extra cubic foot of sand has a much greater 
effect than does the extra cubic foot of coarse aggregate. 
The all-sand mix (1: 3:0) in the first group shows a very 
stiff consistency and a very low yield as pointed out in answer 
to Question 110. 


113. Q. Can the variations in cement factor, due to variations in propor- 
tions of fine and coarse aggregate for concrete of constant 
slump and water-cement ratio be illustrated by an example? 


A. The tests from which the above table was taken show the follow- 
ing mixes and cement factors for a slump of 5 to 6 in. and a 
water-cement ratio of 514 gal. per sack: 


i} 


114. 


116. 
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Mix Ratio, auent oe 
t arrels per 
ies Coane Cubic Yard 
ls 34 4.0 1.50 
1:11%:3% 2.3 1.47 
1h P3003; 1.5 1.45 
1:2%:1 0.4 1.85 


Note how the cement factor is greatly increased by the mix with 
the very high sand ratio, 1: 2%: 1. 


Is the comparison shown in the answer to Question 113 typical? 


For average materials, a condition similar to that shown will 
usually be found. For mixes with proportions of fine and 
coarse aggregates about right for easy placing, a lower cement 
factor is found than for those mixes with either a larger or 
smaller proportion of fine to coarse, 


. In view of the facts brought out in the answers to Questions 105 


to 11}, is it a safe practice in designing miaes for a given 
water-cement ratio, to adjust the proportions of fine and 
coarse aggregate solely on the basis of ease of placing and 
economy? 


Provided the limitations given in the answer to Question 116 are 
observed, aggregate proportions can be selected safely on the 
basis of best total economy, considering cost of handling and 
placing as well as materials. 


What are the limitations in proportions of aggregate to cement 
and in the ratio of fine and coarse aggregate that should be 


observed in designing concrete mixes for a given water-cement 
ratio? 


The total quantity of aggregate to be used with a sack of cement 
and its fixed proportion of water should be such as to avoid 
both overwet and extremely dry mixes. The proportions of 
fine and coarse should be such as to avoid foolish extremes in 
either direction. Even where it gives the lower cost, toa 
high a ratio of fine to coarse is undesirable as it results in 
concrete of a lower weight and greater expansion and con- 
traction with changes in moisture content. Too high a ratio 
of coarse to fine aggregate is undesirable as it produces a 
harshness of the mix that makes placing difficult and tends to 
the production of honeycomb and stone pockets. 

A desirable range in the proportions of fine to coarse for average 
materials is indicated by the following table. Oceasionally, 
aggregates of such grading will be found that proportions 


118. 


119. 


120. 


121. 


122. 
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outside of the range in this table will be both desirable and 


economical. 
Maximum Size of Ratio of Coarse to Fine on Basis of 
Coarse Aggregate, Dry Compact Volumes 
Inches Minimum Maximum 
3% 0.40 0.80 
4 0.60 1.50 
1 and over 1.00 2.00 


Production of Durable Concrete. 


What are the principal requirements for durable concrete? 
The principal requirements for durable concrete are that the 
aggregates be durable and the concrete watertight. 


How can durable aggregates be assured? 

By a knowledge of their past performance. Where only new and 
untried materials are available, an examination of the ledge 
or deposits may reveal the character of the material. In the 
absence of reliable indications as to the permanent character 
of a sample, it is best to consult a geologist before proceeding 
with its use in a structure intended for long service in severe 
exposure. 

Why is watertight concrete necessary for durability? 

The greatest deterioration in exposed concrete comes from the 
penetration of moisture io the interior of the mass. Disinte- 
gration can be both chemical and physical; chemically, the 
action proceeds by the dissolving out of essential ingredients 
of the hardened cement paste; physically, by the action of 
frost on the entrained water or through the deposition near 
the surface of dissolved salts as the water is brought to the 
surface and evaporated. 

What are the essential requirements for watertight concrete? 

The essential requirements for watertight concrete are durable 
aggregates completely incorporated in a cement paste that is 
itself impervious. 

What are the requirements for an impervious cement paste? 

The requirements for an impervious cement paste are a low water- 
cement ratio and thorough curing. 

How does the water-cement ratio affect the watertightness of the 
cement paste? 

As explained in the answer to Question 27, the amount of water 
used in mixing concrete is always far in excess of the amount 
that actually goes into combination with the cement, thus, the 
uncombined water occupies space in the mass which may later 
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form an opening for the passage of water. By keeping a low 
water-cement ratio the amount of this uncombined water is 
greatly reduced. 

How does the curing of the concrete affect the watertightness of 
the cement paste? 

As explained in answers to Questions 5, 20, 25, and 26, continued 
curing builds up the internal structure of the cement paste so 
that it becomes more resistant to the penetration of moisture. 
Continued curing increases the amount of combined water and 
reduces the amount of uncombined water. 

Is it possible to give values of the water-cement ratio for which 
watertight concrete can be assured? 

Not with the same degree of exactness that strengths can be 
related to water-cement ratio. The test data are very limited 
and the conditions of exposure are quite varied. It is possi- 
ble, however, to give some limits which can be useful as a 
basis of design of concrete mixes for watertightness. 


What water-cement ratios can be used with assurance that the 
concrete will be watertight? 

For concrete mixtures which will be placed in a plastic consistency 
and thoroughly cwred, available tests and experience indicate 
that a water-cement ratio of about 6 gal. per sack should give 
a high degree of watertightness for ordinary structural re- 
quirements and severe exposure. For exposures to alkali 
waters and thin sections in sea water, about 5 to 51% gal. of 
water per sack of cement would be a desirable maximum. 
For heavy walls, piers, dams, etc., water-cement ratios of 
7 to 7% gal. per sack have shown excellent results where the 
concrete has been properly placed and cured, 

Why is the complete incorporation of the aggregates in the 
cement paste essential? 

If the paste is not sufficient in amount to actually float the aggre- 
gate particles, the mass will be harsh and granular, with 
unfilled spaces between the aggregate particles through which 
water may find its way. 

How can this complete incorporation of the aggregates be assured? 

A homogeneous concrete mass with the aggregate particles thor- 
oughly incorporated in the cement paste can be secured by 
using concrete of a plastic consistency carefully placed so as 
to completely fill the form without segregation or the accu- 
mulation of water at the surface. 

What is the procedure for designing concrete mixes to meet a 
given condition of exposure? 

The procedure is exactly the same as in designing mixes to meet 
a strength requirement, except that the water-cement ratio is 
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selected to meet a given condition of exposure rather than a 
definite strength. The water-cement ratios given in the an- 
swer to Question 125 may be taken as a guide until more 
complete tables can be presented. For procedure, see answers 
to Questions 94 to 100 and succeeding questions, 


129. Q. What special precautions should be observed in the case of mixes 
designed for severe exposure? 

A. Particular care should be taken with the aggregate proportions to 
obtain a good plastic consistency. The utmost care should be 
taken in placing to obtain a homogeneous mass and in pro- 
tecting to obtain thorough curing. It is also desirable to use 
somewhat longer mixing than for ordinary construction. (See 
answer to Question 52.) 


PROBLEMS OF PLACING: 


130. Q. Why are dry mixes to be avoided? 
A. Dry mixes are difficult to place, making it hard to secure a struc- 
ture that is free from voids or honeycomb, 


131. Q. Were not the structures generally successful, which were placed 
when dry mixes were the rule? 

A. Yes, but it was the practice to place the concrete in thin layers 
and thoroughly ram each layer until water appeared on the 
surface. By this method, it was possible to place concrete of 
a low water-cement ratio and still obtain a complete incor- 
poration of all the aggregate particles in the cement paste. 
The flushing of water to the surface under the vigorous ram- 
ming was evidence that no unfilled voids remained. As 
pointed out in the answers to previous questions, to have the 
aggregate particles completely embedded in a cement paste of 
low water-cement ratio is the essence of durable concrete. It 
is because of the fulfillment of this requirement that so many 
of the early structures have been eminently successful. If 
the same careful ramming could be assured at the present 
time at a proper labor cost, the method would still be a 
desirable one in mass construction. The higher labor costs, 
combined with the use of reinforced concrete, have made the 
method practically obsolete. 


1382. Q. Why are over-wet mizes to be avoided? 

A. Over-wet mixes segregate in handling and unless placed with ex- 
treme care, the thin watery mortar may escape leaving large 
stone pockets with no mortar filling. Such mixes, even when 
placed carefully, will settle in the form allowing the water to 
accumulate in the upper layers greatly reducing the strength 
and watertightness of these layers. The water-cement ratio- 
strength law does not hold for mixes of this type. 
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133. Q. Are not over-wet mixes undesirable in reinforced concrete? 
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The use of over-wet mixes in reinforced concrete work is particu- 
larly undesirable, as the settling of the heavier elements of 
the mix leaves water pockets on the underside of all rigidly 
fixed horizontal reinforcement bars. These water pockets, 
which greatly reduce the bond resistance, are greatest where 
the shear and bond stresses are most severe, near the points 
of maximum negative moment. 


What is laitance? 

Laitance is an accumulation of the finer materials of the cement 
and aggregate which is brought to the top of a concrete mass 
by the use of excessively wet mixtures. 


Is the laitance layer strong and resistant to weathering? 

No, the laitance layer possesses very little strength, and is 
rapidly disintegrated by the weather or the peneration of 
water. 3 

Should the laitance layer be removed before placing concrete in a 
section above? 

Better still, it should never be allowed to form. Removing a 
layer of laitance only cures part of the evil. The very fact 
that laitance formed is evidence of grossly over-wet mixes, 
which means that the upper layers of concrete had a water 
content much higher than the average because of the accumu- 
lation near the top as mentioned in the answer to Question 
132. Thus, removing only the laitance layer itself still leaves 
a mass of porous concrete immediately below, which will have 
low strength and may weather rapidly if ground. or other 
water can find its way to it. 

Not only should the laitance be removed, but several inches of the 
concrete below if a durable structure is desired. 

How can laitance be avoided? 


By placing concrete of a plastic consistency that will not allow 
water to accumulate at the surface, 


If there is a gradual accumulation of water at the surface as plac- 
ing proceeds, what should be done? 

The batches should be gr adually stiffened until at the top of the 
member or at the finish of the day’s work, a proper plastic 
consistency has been restored. 


\ 


How can the proportion of fine and coarse aggregate in the mia 
assist in proper placing? 

With a proper ratio of coarse to fine, a mix can be placed with- 
out difficulty that is somewhat stiffer than is possible where 
too high a proportion of coarse aggregate is used. This 
avoids both the necessity for wetter mixes and the danger of 
honeycombing due to harshness. 
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Q. With proper mix and proper consistency, is it still important to 
exercise care in the placing of concrete? 

A. Yes, every detail of the placing should be controlled to insure the 
complete filling of the form and incorporation of the rein- 
forcement with a mass of concrete that .is free from voids or 
honeycomb and that is homogeneous from bottom to top. The 
practice of depositing the concrete all at one spot and allowing 
it to flow to the more distant points is particularly to be 
avoided as this is certain to result in some segregation no 
matter how carefully the mix and the consistency are con- 
trolled. The concrete’ should be deposited substantially in 
layers. In deep forms of large sections, the layers can be 
carried across the structure in such a way as to permit such 
water as comes to the surface to be drained to a point con- 
venient for removal. 


Q. What protection should be given concrete after it is placed? 
A. Protection from drying out and from low temperatures during 
the early hardening period. The answers to Questions 19 to 
34, also 121 to 123 should be reviewed. No detail of concrete 
construction offers such possibilities for increased strength 
and durability at so low a cost as are offered by the possi- 
bilities of better curing. 
Q. Is good inspection an important feature of concrete construction? 
A. Eternal vigilance is the price of success in concrete construction 
just as it has been the price of liberty in the history of man- 
kind. Careful inspection should be enforced in all of the 
operations relating to: 
The selection of the materials, 
The design of the mixtures, 
Mixing, transporting, and placing, 
Protection and curing. : 
By careful and intelligent control at all of these stages, en- 
during structures can be achieved. 


APPENDIX, CONCRETE PRIMER 


DETERMINATION OF MOISTURE IN SAND. 
*k & KY & 


Of the different methods proposed for determining the moisture con- 
tent of sand, the following two are probably the most simple and accurate: 


(1) Displacement Method with Cylindrical Container: 
Apparatus: 
Balance sensitive to 1 gram. ~ 
Cylindrical container as shown in Fig. 6 with gage glass and scale 
calibrated to read to 5 ce.; 3 ft. of spring wire coiled at one end. 
8-in. funnel with bottom diameter about 11% or 2 in. 


Method: 

Fill cylindrical container with water up to zero mark on gage, insert 
wire into container allowing coiled end to rest on bottom. Pour a 
2,000-gram sample of dry sand through funnel into container 
and gradually withdraw the wire, agitating the sand while so do- 
ing. Read the volume of water displaced. Repeat the operation 
using the same weight (2,000 grams) of the damp sand, whose 
moisture content is to be determined. The percentage of moisture 
may then be calculated from the formula: 


D—C 
p = 100 
W—D 


where p= percentage of moisture by weight of dry sample 

exclusive of absorbed moisture, 

D weight of water displaced by damp sand of weight 
WwW, 

C = weight of water displaced by dry sample of weight 
We 

W=weight of sample (dry, surface dry, or damp) 
(2,000 grams). 


It is necessary to use a dry sample to establish the constant O. If 
the specific gravity of the sand changes it will be necesary to make 
a new determination on a dry sample. The advantage of this 
method is that if the determination on the dry sample is made 
quickly, the result gives the free or surface moisture directly, thus 
requiring no correction for absorbed moisture, 
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(2) Drying to Constant Weight with Denatured Alcohol: 


Apparatus: 
Balance sensitive to 1 gram. 
12x 8x 2-in. metal bread pan. 
34-in. steel rod about 18 in. long. 
14-pt. cup. 
Denatured or wood alcohol. 


Rubber washer 


Brass support 
soldered to 
container. 


4g" Water gage glass 
tubing graduated 
in 5cc.units from 
O fo 1100. c 

Zero mark oy 


Water gage glass 
fitting 


oy 
N2-20 gage brass = 
tubing 


Leveling screw 


6"5q. brass plate 
soldered to tube 


FIG. 6.—APPARATUS FOR DETERMINING MOISTURE IN AGGREGATE, 


Method: 


This method is the same as drying over a stove or open fire, but is 
much quicker and fully as accurate. Place 500 grams of damp 
sand in the bread pan. Pour 1% cupful of alcohol over the sand; 
stir the mixture with the rod and then spread in a thin layer over 
the bottom of the pan. Ignite the alcohol and allow it to burn 
until consumed, stirring the sand with the iron rod during burn- 


ing. If the sand is excessively damp, it is advisable to repeat 
the burning process in order to insure complete drying of the 


sample. After burning, allow the sand to cool for 2 or 3 minutes 
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and then weigh. The total percentage, p, of moisture may then 
be calculated from the following formula: 


wWw—w' 
p= 100 
Ww’ 
where p= percentage of moisture by weight of dry sample 
including absorbed moisture, 
W =weight of damp sample, 
SY toe Seite een LIS 5 


To determine the free moisture, it is necessary to know the percentage 
of moisture absorbed by the sand. This varies only slightly for 
different sands and may be assumed as 1 to 1% per cent. A 
rough check on the absorbed water may~ be made by drying to 
constant weight a surface dry sample which had previously been 
immersed in water for a period of 24 hr. The surface moisture 
is then equal to the total moisture p minus the absorbed moisture. 
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HERBERT J. GILKEY.—The writer feels that Mr. McMillan is to be con- 
gratulated and commended upon this paper. He has recognized to an 
unusual and gratifying degree one of the greatest needs in the field of con- 
crete. Much of our concrete literature has been directed toward no particu- 
lar type of audience. Some of it has been frankly for specialists and is fully 
justified on that basis. Others of current offerings have been pseudo popu 
lar often admirable in spots but containing just enough of debated and 
debatable matter as to make them very confusing for those interested 
but not majoring in concrete. 

The writer has felt that here has lain a great need, viz.: the setting 
forth in simple terms suitable for popular consumption those things about 
concrete regarding which there is general agreement and omitting entirely 
points that are still the subject of controversy and that need further in- 
vestigation. The primer is quite conclusive evidence that Mr. McMillan 
has recognized the need and has therein made a long stride toward meeting 
it. . 

At the risk of wandering too far afield, the writer wishes to elaborate 
upon this point, for he feels that a better appreciation of it will greatly 
improve the status of concrete in more respects than one. 

Concrete is an excellent illustration of a material that is of interest 
to several more or less distinct classes of people. For present purposes 
suppose we say three: (1) the investigator, (2) the user of concrete, (3) 
the bystander. 

(1). The investigator is interested primarily in learning all that he 
can of the material. Because of the ease with which anyone can make 
and break a few specimens, this has been a numerous class and there have 
been all shades of investigative excellence. There are probably few attend- 
ing this convention who do not at various times consider themselves to be 
bona fide concrete researchers. Some of us publish the results of apparent 
findings and among ourselves we freely accept, modify or reject one an- 
other’s offerings. It is characteristic of the research frame of mind to be 
interested in truth for truth’s sake. If two research men arrive at the 
same result by different routes, the fact that the ultimate conclusion is 
the same doesn’t interest them. To be right for the wrong reason is to he 
still wrong and the seekers after knowledge will continue to fight it out 
on that line. And it is fitting and proper that they should. May the time 
never come when researchers are satisfied with unexplained results or with 
mutually incompatible explanations. For research will then be dead, 
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(2). The user is interested in results. He cares little or nothing about 
the underlying reasons; this quibble or that one. He does want approxi- 
mate facts in the easiest shape for use. 

(3). The bystander is the term used to designate all those not prop- 
erly belonging to either of the above classes and yet who are likely to be 
wholly divorced from neither. The bystander is interested in concrete in a 
less detailed and critical manner ‘than is the investigator, but his interest 
is not centered so exclusively upon the very practical aspects and immedi- 
ate results as that of the user may be. This may include the average 
engineer or architect and certainly a great many other types of persons 
and professions. The bystander wishes to correctly know and understand 
concrete without becoming hopelessly enmeshed in the intricacies of diver- 
gent current theories upon the one hand, or yet be required to memorize 
a few rules of thumb upon the other. 

In our zeal and eagerness to settle the fine points between theories 
and to spread varied gospels, we have rushed to the bystanders with our 
differences and, figuratively speaking, have made street brawls out of 
what should have been but family differences. Thus we who call ourselves 
investigators have monopolized the stage and the bystander has been sadly 
bewildered and amazed that the Almighty, with man’s help, could have 
created a thing so complex as concrete. The user in turn has waited with 
impatience for verdicts from juries that never agreed, or better yet, has 
gone ahead and built an excellent structure while the wrangling continued. 

By all means let the wrangling go on, for it is the essence of progress. 
But let us furnish a different sort of entertainment for those to whom the 
wrangling is but a source of bewilderment and confusion. 

Of recent years, thanks to the splendid educational work of the Port- 
land Cement Association and some others, occasional progress bulletins 
have been posted for the benefit of the user, and the results as reflected 
in the type of work now being turned out are testimonials to the avidity 
with which the users seize and apply any information handed to them in 
usable form. 

Thus far the bystander has been most neglected. Each time he has 
been handed a morsel it was so flavored with one hobby or another that he 
dared not swallow it. One doctor told him it was the elixir of life and 
the next branded it as rank poison. As an engineering teacher, the writer 
has found no subject so difficult to teach as that of plain concrete. All 
existing literature of which he knows falls into one of two classes: 

(a) It is thoroughly aligned to some one theory or set of theories and 
is thus either too narrow or too specialized. 

(b) It attempts to be impartial and to give the essential points of 
all leading theories and proves to be such a confused medley as to leave 
the student in a most! confused and hopeless state. 

The present treatment is the most encouraging thing that the writer 
has seen along this line. Mr. McMillan doubtless has his own special ideas 
and theories, Who of us hasn’t? These things are still being investigated. 


Mr. McMillan. 
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In the meantime he has assembled a mass of matter regarding the most of 
which, at least, substantial agreement has been reached. Throughout the 
entire primer there are few statements to which any of us will take excep- 
tion. Here is something that can be handed to the user and to the by- 
stander and which will instruct without confusing, while we who wish to 
quibble may continue to do so back here in a star chamber. From out of 
this quibbling there will be evolved from time to time new matter for the 
primer. 

Literature of this sort, free from fine points and technical differences 
should prove quieting to nerves overwrought through too much reading of 
rich or highly flavored concrete matter. The writer wonders if Mr. Mc- 
Millan might not be able to evolve, from the present splendid beginning, 
a chapter upon plain concrete that could be substituted for this very 
unsatisfactory portion of most, if not all, of the present college text books 
on engineering materials. 

F, R. McMiian.—Perhaps a word or_two in regard to the background 
of this Primer will be in order. The thought originated with the Board of 
Directors, and the title Primer and the presentation in catechism form was 
the suggestion of the Board. I was the goat to prepare the text. 

In preparing the Primer I had to keep in mind some objective. I 
tried to set forth, in a limited series of questions and answers, some of 
the essential facts of concrete mixing and placing. There are many things 
we do not know about handling concrete. There are many things we do 
not know about the properties of cement or concrete, but there are certain 
things that have been fairly well established. In this little publication I 
have attempted to confine the text largely to those well-established princi- 
ples. I have tried to arrange them in logical sequence, so that those 
who are unfamiliar with the vast amount of research and literature on 
concrete will form a fairly clear conception of what it is we are trying to 
do in concrete construction. 

While it is called a Primer, perhaps it will not be for the primary 
class. At the beginning it seemed like that might be possible, but we had 
not gone far into the preparation of the text before it was realized that 
was not the field or exact purpose of the Primer. ‘There are too many 
people in authority in concrete operation who are unable to keep themselves 
familiar with the vast literature on the subject and the meaning of it all. 
To the reader of that type, the question of concrete mixes has seemed a 
good deal of a mystery. It was my purpose to dispel a little of this mys- 
tery and to bring to the attention of the executive, the investor, the plan- 
ning engineer, and the contractor, some of the things that are aimed at in 
these scientific studies. 

In presenting this Primer, I do not claim to have covered the whole 
field; I do not claim to have treated completely the field that is covered. 
I have tried to condense as much as possible some of the essential things, 
and I believe it will pe found helpful if it is studied. It is not a text to 
pick up and read a section here and there. It should be read through ‘care- 
fully by any one who wants to get the essence of what I am after. 
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C. M. CHAPMAN.—One of the Institute’s functions is the dissemination Mr. Chapman. 
of knowledge regarding concrete. New methods for the determination of 
some of the qualities of aggregates have been adopted by the American 
Society for Testing Materials and published in their proceedings for last 
year under Committee Reports and Tentative Standards. While these are 
available to you, it nevertheless might be well to give a little fuller descrip- 
tion of these methods of tests and of the apparatus required. 

In Committee C-9 on Concrete Aggregates, of the American Society 
for Testing Materials, while discussing the water-cement ratio, the point 
was raised by some of the members that if you use the water-cement ratio 
you must allow for the surface moisture in the sand when measuring by 
damp volume or weight, or you must know the amount of water that fills 
the voids in your sand and so goes into the mixer with it if you measure 
by the inundation method. The statement was made that the water-cement 
ratio would not be generally adopted until we had a quick, easy method 
for determining these moisture conditions. 

The Primer that has just been described contains in its appendix two 
very good methods for determining moisture but they do not apply to the 
determination of voids when the inundation method is used, nor do they 
apply to specific gravity. The American Society for Testing Materials has 
adopted as tentative standard, a flask of which I have here a sample, by 
means of which one may determine very quickly and easily the specific 
gravity, surface moisture and per cent of voids of fine aggregates. The 
flask consists essentially of two bulbs connected by a constricted neck and 
surmounted by a graduated tube. The volume of the lower bulb up to a 
mark on the constricted neck is exactly 200 cc., while the combined volume 
of the two bulbs up to the lowest graduation on the upper tube is 375 ce. 
The graduations on the upper tube are from 375 ce. to 450 ce. 

To determine the specific gravity of fine aggregate fill the flask with 
water to the 200-cc. mark on the lower neck, then slowly pour in a 500-gr. 
sample of the aggregate to be tested and agitate by sudden rotation to free 
any entrained air bubbles. The sample must be free flowing but not thor- 
oughly dry. Clean down any particles adhering to the tube of the flask, 
using the cleaner of which I have here a sample and which consists of a 
rod with a rubber disc on the end. Read the combined volume of the mix- 
ture on the graduated tube of the flask, and by means of a chart prepared 
for these determinations, find the specific gravity directly and without 
mathematical calculations. 

The determination of surface moisture is made in a similar way, except 
that the sample shall truly represent the actual surface moisture content 
of the aggregate being used. Since the 500-gr. sample contains not only 
sand but also water, and that water being lighter than sand occupies a 
different volume per unit of weight, you will not get the same final reading 
on the flask as obtained in the specific gravity determination. Read the 
combined volume of the mixture as before, and from the chart and previ- 
ously obtained specific gravity, read directly the per cent of surface mois- 
ture or gallons of water in 100 lb. of aggregate. 


Mr. Bergholm. 


Mr. Chapman. 


Mr. Stewart. 
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The voids determination is different. Fill the lower bulb of the flask 
about three-fourths full of water. Pour the material being tested into the 
flask until the level of both the water and the material reach the 400-ce. 
mark on the upper graduated tube of the flask. Add water during this 
operation as necessary to keep the level of the water just above the level 
of the material. When the level of the water and of the material are both 
at the 400-cc. mark, clean down the tube of the flask with the rubber disc 
cleaner. Weigh the flask and its contents to the nearest gram, deducting © 
the weight of the empty flask, which is shown in grams on the upper bulb. 
From another chart read directly either the per cent of voids in the aggre 
gate occupied by the water or the gallons of water in 1 cu. ft. of inundated 
aggregate, 

A. 0. Berguotm.—I am particularly interested in the determination 
of the moisture content of sand and I have run a few experiments. Say we 
get the surface moisture by the use of air drying, by heat drying or by the 
flask, I would like to know what the variations in the percentage of mois- 
ture would be by these three methods. 

C. M. Cuapman.—I am glad that Mr. Bergholm mentioned that point 
because it is one of the convenient features of the new flask. The amount 
of variation in the per cent of moisture when determined by each of the 
three methods mentioned will depend upon the character of the aggregate 
being tested. If you test a solid, dense, impervious silicious sand which 
has almost zero absorbtion, the results by all three methods will be quite 
similar. But if the aggregate is porous and has a high absorbtion factor. 
then the results will differ by the amount of the absorbed moisture. When 
using the water-cement ratio an allowance must be made for the moisture 
in the aggregate,—but only for the surface moisture—sometimes called free 
moisture. The moisture within the aggregate—the absorbed moisture—is 
not counted as a part of the water in figuring the water-cement ratio. The 
new flask determines only the surface moisture. If a sample is dried in an 
oven not only is the surface moisture removed but also all or part of the 
absorbed moisture, and the per cent of moisture determined by this method 
would be too high and a correction would have to be made before the result 
could be used in the water-cement ratio method. The amount of this cor- 
rection would vary with different aggregates and would have to be deter- 
mined for each aggregate. It would vary from zero to 3 or 4 per cent—in 
a few extreme cases even more. When the air-drying method is used, 
probably less of the absorbed moisture would be evaporated; the amount 
would vary with the surrounding air conditions and the time of drying. 
If the aggregate were air-dried only to a surface-dry or free-flowing condi- 
tion, no correction would be necessary and the results would agree closely 
with the results obtained with the flask. 

G. M. Stewart.—May I describe a method which we have tried and 
which appears to be accurate? We determine the moisture by using the 
inundation process. First, we inundate a measure of dry sand to deter- 
mine how much water it takes to perform the inundation. Then we inun- 
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date an equal amount of moist sand, and the difference “is the moisture 
contained in the sand. The sand must be sun dried, not dried to drive off 
the absorption water. The advantage of the method is not so much in 
increased accuracy as in the fact that it can be done without any equipment 
other than a measuring can and a graduated flask for measuring the water. 

We usually use a one-fifth cu. ft. measuring can. This is placed inside 
a tin pail, so that any water overflowing will be caught by the pail. After 
placing a known volume of water in the measuring pan, say 70 fluid oz., 
the dried sand is poured gently into the water until the measuring can is 
exactly full. A certain amount of dirty water overflows into the pail. 
The pan is then lifted out, the water poured into a flask and measured. 

Suppose we get 15 oz. Since we started with 70 oz. the quantity 
required for inundation of the sand is 55 oz. We clean the apparatus and 
put 55 fluid oz..into the measuring can for the moist sand determination; 
perhaps we get 12 oz. of overflow. That was in the sand when we started; 
incidentally, we also determine the bulking of the sand in this way: Fill 
the measuring can with moist sand, dump it on to a piece of newspaper, 
fill the can a third full of water and pour the sand back again gently. 
Very little or no overflow will occur and the sand will settle down to a 
certain point in the can. I suggest this method tentatively because I do 
not know exactly how accurate it is, but it is a good deal better than 
guesswork. 

W. A. Stater.—The question has been asked about the agreement be- 
_tween the methods of determining moisture by drying and weighing and 
by an apparatus such as Mr. Chapman described. A few years ago I made 
some tests not with such an apparatus as that, but using the same prin- 
ciples of inundation. I do not recall exactly what the results were, but 
they were reported in the 1924 Proceedings of the American Concrete 
Institute in connection with a paper on the University of Illinois Stadium. 


Mr. Slater. 


DESIGN AND Cost DATA FOR THE 1928 Joint STANDARD 
BUILDING CODE. 


By ARTHUR R. Lorp.* 


SYNOPSIS. 


The development of the technique of concrete proportioning within 
recent years, the constantly advancing knowledge of the mechanics of re- 
inforced-concrete building design, the long years of study and research 
embodied in the 1924 report of the Joint Committee on Specifications for 
Concrete and Reinforced Concrete and the subsequent careful codification 
of that report by the Building Code Committee (E-1) of the American 
Concrete Institute has made available a workable and authoritative build- 
ing code for all types of reinforced-concrete construction such as engineers 
in any city may adopt with confidence. One objection to such adoption 
lies in the loss of usefulness of most of the design tables and diagrams 
which have cost engineers a great deal in both time’and money. To over- 
come this objection this paper includes a complete set of designers’ tables 
and diagrams for use with the proposed 1928 Joint Standard Building Code. 
I believe that engineers will find this set of designers’ aids as complete, as 
time-and-labor-saving and as accurate as any similar set they may be using 

-under their local code. These tables and diagrams introduce important 
simplifications in the design of doubly-reinforced beams and in the spacing 
of stirrups. They cover a much wider range of concrete strengths than is 
covered by similar tables and diagrams previously published. Their use 
is illustrated and explained by numerous examples. 

With these tables and diagrams as a foundation, a study has been 
made of the relative cost of the common types of structures using 2,000-lb. 
concrete as is now almost universal, except in columns, and using concrete 
of considerably greater ultimate strength. The advantage of higher 
strength concrete is indicated by many considerations. Our new control 
knowledge indicates that a fifty per cent increase in strength over the 
usual performance in concrete making in the past may readily be obtained 
with an increase in cost of about ten per cent. The use of higher strength 
concrete would also result in more workable concrete, less permeable and 
more highly resistant to the usual exposures to which outdoor concrete is 
subject. The attempt to utilize our newer knowledge of concrete propor- 
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tioning to produce a better and a cheaper 2,000-Ib. concrete is likely to 
result in harsh mixes and expensive placing. It seems to me better to 
use the same amount of cement, or somewhat more cement, with less water, 
and to employ in the design the higher strength so secured. The reduction 
in water will more than balance the addition of cement, insofar as shrink- 
age and crazing is concerned. This study indicates that a considerable ~ 
direct saving in the final cost of an ordinary building is secured in addi- 
tion to a higher quality of concrete and an easier field operation. 


PART ONE—DESIGN DATA. 


Introduction.—Almost from its founding, the American Concrete Insti- 
tute has had a committee at work preparing and revising a building code 
which the Institute recommends as a standard, fairly representative of 
the best up-to-date knowledge and practice in reinforced-concrete design. 
This code is available to governmental agencies and has been adopted by 
a number of cities as well as by individual designers. The Institute has 
also been represented on the two National Joint Committees which have 
worked on this same problem on the specification side. I have been inti- 
mately connected with this work, as a member of the Institute’s commit- 
tee on building code for fourteen years, including five years as chairman, 
and as one of the Institute’s representatives on the second Joint Commit- 
tee. I have also participated professionally in the re-drafting of several 
city building codes and am now a member of the committee engaged in 
revising the Chicago @ode. The 1928 edition of the Institute’s Standard 
Reinforced-Concrete Building Code is based on the 1924 Joint Committee 
report, in which the specification form has been changed to code form and 
in which scientifically accurate but practically cumbersome formulas and 
provisions have been simplified and made more workable as a basis of 
design and construction. In a few instances there are differences in the 
substance of the two reports but the greater part of the differences are 
entirely matters of form, adopted to make a code more acceptable to the 
engineers who must use and enforce it. In 1927 the Committee on Stand- 
ard Practice of the Concrete Reinforcing Steel Institute which had pre- 
viously adopted a code based on the 1924 Joint Committee report joined 
with Committee H-1 of the American Concrete Institute to formulate the 
1928 Joint Code on which this paper is based. With respect to cost of 
buildings erected, this code is fairly representative of the more advanced 
general practice. Most city codes present certain sections which are far 
more liberal than the average national practice and in comparison with 
these sections the Joint Code would indicate added cost. On the other 
hand most city codes have other provisions which are unnecessarily burden- 
some and in these sections the Joint Code would show a saving. Compari- 
sons with the Chicago code are included in Part II of the paper. 

Some of the great differences in city codes have arisen from a feeling 
that the quality of the concrete in various localities must necessarily vary. 
We know today that a concrete of 2,000 or 3,000-Ib. strength can be made 
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as readily in one city as in arly other. Other differences in city codes have 
arisen from the political ascendancy of some business interest and repre- 
sent merely inequitable variations in the factor of safety required in differ- 
ent members. The present situation in which 2,000-lb. concrete is limited 
to 650-Ib. stress in one locality and forced to carry 1,200-lb. a few miles 
away, even though made from identical materials, is so absurd that the 
general adoption of a scientifically accurate and practically workable stand- 
ard, such as the Joint Code, is a reasonable hope. 

I have been using the substance of the 1928 Joint Code quite generally 
in my work since 1924, where city ordinances have not taken precedence, 
and as a result, prior to starting this paper, I had accumulated a consid- 
erable number of tables and diagrams to facilitate rapid and accurate 
design. I also recognized the need of still other designers’ aids which 
time had not permitted me to develop. One great hardship involved in 
the adoption of the Joint Code by engineers generally would be the neces- 
sary scrapping of the old design tables and diagrams, on which much time 
and money had been spent, and the large new effort and expense which 
would be involved in creating in each. office the necessary new diagrams 
and tables. This paper has been undertaken in the hope of supplying this 
need and of removing this obstacle. It represents also the conservation of 
a huge amount of duplicated effort which would otherwise be necessary. 
The preparation of the paper at this time has been made possible by aid 
from the Portland Cement Association, the Concrete Reinforcing Steel 
Institute and the Rail Steel Bar Association, making up the cost to me 
of producing the tables and diagrams not previously worked up and of 
making all of them conform strictly to the Joint Code as now presented. 

Basis of the Tables and Diagrams.—In the preparation of these tables 
and diagrams, I have had in mind the importance of simplicity of presenta- 
tion, in order to reduce both the time required for their application and the 
liability of error. Each diagram is based on a single steel stress and a 
single concrete stress, except that in some instances four parallel tables 
have been printed together to save space. In any practical design, only 
one set of stresses is involved and the work is facilitated and safeguarded 
if only this set is represented on the diagram. All stresses and provisions 
appearing in the paper correspond to my interpretation of the Joint Code. 
This code is unusually direct and understandable. 

In the treatment of T-beams and of beams with compressive reinforce- 
ment I have adopted the device of reducing all designs to substantially the 
same process and method as is now universally used in the case of the 
rectangular beam. This method is based on the use of the full allowable 
stresses in both the steel and the concrete, in other words on the use of 
“balanced reinforcement.” ‘This has involved a large amount of computa- 
tion to get accurate values of p and K for the great range of beam pro- 
portions used in design, but has greatly simplified and reduced the labor of 
design. By the tables presented here the usual involved diagrams are ren- 
dered unnecessary. A workable solution of the T-beam with compressive 
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reinforcement is presented for the first time and in the same simple man- 
ner. The unusual length of this paper has made it necessary to omit all 
formula derivation, but the formulas used are stated and figures are drawn 
in which the various dimensions and forces have been so represented as to 
aid anyone who wishes to check them. Every formula, table and diagram 
has been checked by some competent engineer other than myself and en- 
tirely outside of my own office. 

In the design of certain types of members, such as footings or flat 
slabs, the proportions of the final structure may be varied through a con- 
siderable range and a large variety of equally correct designs may be 
secured, all complying with the Code. By a careful study of the average 
conditions encountered in practice it is possible—and customary in large 
offices—to set up standards of proportions to apply to all members of a 
given type. In such members all horizontal dimensions can be made to 
bear a constant ratio to the side of the floor panel or of the footing and 
all vertical dimensions a constant ratio to. the depth of the slab or footing. 
In this way very simple diagrams can be prepared for “standardized” mem- 
bers and a vast amount of time and labor saved. This has been done in 
this paper and the “office standards” presented are fully described. In all 
such cases they are based on extended use in practice of substantially the 
same proportions. 

The design of web reinforcement has been a thorn in the side of the 
concrete designer, with the result that wasteful guesswork has come to be 
all too common. The well-known shear diagram, which is easily sketched 
even for the most complicated cases as soon as the loads and reactions 
have been computed, has been used in this paper to compute directly and 
rapidly both the number of stirrups (vertical or inclined) and their accu- 
rate spacing. The diagrams perform for the designer the tedious and 
exacting work which has heretofore been required for accuracy and 
economy. 

The work of the Division of Simplified Practice of the Department of 
Commerce in conjunction with the various trade organizations of the build- 
ing industry has resulted in the elimination of much waste. In the field 
of reinforced concrete this work has resulted in the establishment of eleven 
standard bar sizes and of four standard sizes for spiral rods. Bar and 
spiral rod sizes which are no longer standard have been eliminated from 
my tables and diagrams. This will automatically eliminate the need for 
substitutions and back checking which would result from the accidental 
use of non-standard sizes, no longer commercially available. In the same 
way standard column capital sizes are used in one set of the’ flat slab 
diagrams. 

Notation.—_Standard notation as used in the Joint Code has been em- 
ployed in all the text, tables, and diagrams of this paper. A few addi- 
tional symbols have been used in some instances, and these are defined in 
the text. 


General Tables.—Tables 1 and 2 are general tables, used in connection 
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with several types of members. They need very little explanation. Numer- 
ous other tables of this general group are available, but are not included 
when the results may be obtained by a simple slide rule operation and 
are usually so obtained by designers in preference to turning to the table. 

Table 1 applies to the stem width of beams, T-beams, joists, ete., and 
its use will save computations involving both multiplication and addition. 

Table 2 gives necessary information as to bars. Most designers know 
bar areas, but need to refer to such a table for values of So (= Summa- 
tion of bar perimeters), in making bond computations, The value of 12a, 
is useful in determining the bar spacing in one-way slab design. 

Steps in Design for Fleawre.—The design of all types of beams com- 
prises seven steps, which are essentially the same for rectangular and 
T-beams with and without compressive reinforcement. These seven steps 
are stated completely under “Steps in Design of Rectangular Beams.” In 
the other types of beams the slight differences occasioned by the introduc- 
tion of special factors (t¢/d, d’/d, b’ and p’) are explained in full under each 
design step that is affected by them, while the steps that remain unchanged 
are not repeated on account of space limitations. The designer may not 
always be conscious of the individual steps but the process that he carries 
out is essentially that described below. 

Steps in Design of Rectangular Beams.—(1) The size and weight of 
the member are assumed and the moments, shears and reactions are 
computed. 

(2) The value of the effective depth, d, is assumed, the value of K 
for the concrete stress used in the design is taken from Table 3 or Table 4 
and the value of 6 is computed by formula (101). 


(3) The value of v, the unit shearing stress, is computed by for- 
mula (102a). 


(4) The value of v must lie within the limits permitted by the code, 
which vary with the type of anchorage, and the weight of the beam includ- 
ing protective covering must agree with the weight assumed. If necessary, 
new assumptions must be made and the first four steps repeated. 

(5) From the value of p for balanced reinforcement corresponding to 
the value of K used above, compute the area of tensile reinforcement by 
formula (103a). 

IMEI NNR SSadioe cade 60 4 Tab MOC MOONE CO Or hat (103a) 

(6) Select bars from Table 2 to make up the required area, checking 
the bond unit stresses by formula (17) of the code and the necessary stem 


width by Table 1. 
(7) Complete by designing the web reinforcement. 
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Problem 1 shows the complete design of a rectangular beam by this 
common method while Fig. 3 gives the formulas relating to p and k, on 
which Tables 3 and 4 are based, and illustrates the stress relations. 

Many cases will arise in design when it may be advantageous to main- 
tain a uniform size of beam for several moment conditions, rather than to 
preserve “balanced reinforcement.” In such instances the design will usu- 
ally be made for the limiting beam from these tables and the concrete 
stresses in the other beams will be less than the full allowable value by 
the code. For these beams with reduced concrete stress, the steel area will 
be determined by formula (103b) in place of formula (103a) above. 


Wt. of Beam =300/bs. per fF. 
se eS etal Roane ae eee eee Load= 2630 /bs. per ft. 


Point of Inflection for Top } 
Bar Length Computetion™” 

Live Lood Moment 

Total Moment 


~755000: 


: -852( 
Moment Liegram sh 


FIG, 1.—LOAD, SHEAR AND MOMENT DIAGRAMS FOR PROBLEM l. 


M 
Area 


BRR AEG RCT LN CpiEk coe (103b) 
17,500d 
PROBLEM 1. 

Having given the load, shear and moment curves for the superimposed 
uniformly distributed load as shown by the dash lines in Fig. 1 complete 
the design of the rectangular beam in accordance with the 1928 Joint Code, 
using 2,000-Ib. concrete, fire resistive construction and deformed bars. The 
beam frames into reinforced-concrete columns at each end. The adjoining 
spans on either side are the same as this span. 

Solution: Assume a beam 12 by 24 in. in section, The weight will be 
(12) (24) (150) /144 = 300 lb. per lin. ft. Tor this loading: 
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(300) (18) (18) (12) 
Dead-load moment at support = wl?/i2 — = 


12 


97,000 in.-lb. 
Total moment at support, M_ = 97,000 + 755,000 — 852,000 in.-lb. 


(300) (18) (18) (12) 


Dead-load moment at center = wi?/16 = 
73,000 in.-lb. aa 
Total moment at center, IM, — 73,000 + 566,000 = 639,000 in.-lb. 
Dead-load reaction at each support —(9) (300)= 2,700 Ib. 
Total end shear = 2,700 ++ 21,000 — 23,700 Ib. 
The moment and shear curves, revised to include the dead- tng are 
shown in Fig. 1 by heavy full lines. 
For fire resistive construction d= 24— (144% 4 54) = 21.4 
in. for assumed beam depth. 
(8) (23,700) 
From the total end shear and formula (102a) »—=—_—~— = 
(7) (12) (21.4) 
106 Ib. per sq. in. (= 0.053f’, ). This is less than 120 lb. per sq. in. 
(0.06f’, ) and requires only ordinary anchorage. 
At the support, in accordance with Table 4, 
K = 157, p = 0.0091 
$52,000 
By formula (101) b= =11.9 in. (Against 12 in. as- 
(157) (21.4)? 


sumed—O. K.) 
By formula (108a)* 4, =(0.0091) (11.9) (21.4) = 2.31 sq. in. 
At the center, in accordance with Table 3, K = 131, p= 0.0075 
639,000 
By formula (101) 6=-—————_ = 10.7 in. 
(131) (21.4)? 

By formula (103a)* A, =(0.0075) (10.7) (21.4)=1.71 sq. in. 

Several combinations of bars will satisfy this requirement. The ar- 
rangement that supplies the required steel areas both over the support 
and at the center with the least total cost of the steel in place should be 
used. In this determination the extras for bar sizes, the extras for bending 
or cutting small amounts of any one size and the extra labor cost of 
handling bars of many lengths varying by small amounts should all be 
considered. 

Try 3-% in. rd. at the center, bending up 1-% in. rd. bar and lapping 
across the support. This will provide 2-% in. rd. across the support 
(= 1.20 sq. in.) and 2-% in. rd. straight in the top will make up the 
required 2.31 sq. in. From formula (17) of the code the bond stress on the 
lower steel at the point of inflection will be: 

8V (8) (14,200) 
Tie = = 138 lb. per sq. in. ( = 0.069’ ,) 
7 Dod (7) (5.5) 0° (21-4) 


*Wormula (103b) may be used, as described on page 542, 
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This exceeds 100 Ib. per sq. in. (0.05f’,) and requires special anchor- 
age for at least one-third of the center reinforcement. One % in. rd, must 
be carried into the support at each end a distance equal to (16.7) @ 
(%) =14.6 in. One % in. rd. bar will be carried to the center of the 
support.. The bond stress on the upper steel at the edge of the support 
will be, by formula (17) of the code: 

(8) (23,700) 
C= = 115 lb. per sq. in. (= 0.058f’,) 
(7) (11.0) (21.4) 


This exceeds 100 lb. per sq. in. (0.05f’-) and requires special anchor- 
age beyond the point of inflection (the fifth point of the clear span) of 
at least one-third of the steel. In this case the 2-% in. rd. straight in the 
top must be carried (16.7) (a) (%)=14.6 in. beyond the point of inflec- 
tion or 4 ft. 10 in. beyond the face of the support. : 

In the shear diagram (Vig. 1) the vertically-hatched area representing 
the shear taken by the stirrups at either end is a triangle, which indicates 
that this is Case II (see p. 19) and the rapid solution for stirrup spacing 
given in Table 68 is available. The shear carried by the concrete by equa- 
tion (114) is: 


Vc =(60) (7%) (12) (21.4) = 18,500 Ib. 
The distance, a, to the point where no web reinforcement is required, 
by formula (119) is: 


23,700 — 13,500 (18) (12) 2 
C= ( 23,700 ) (——)= 46.5 in. 


The area of the triangle under the shear curve is: 


(Gas — 13,500 
SS 


5 ) (46.5) = 237,000 in. Ib. 


The maximum permissible size of a vertical stirrup by Diagram 66 
is 34 in. rd. for deformed stirrups. The total stirrup area at each end by 
formula (117) is: 

237,000 
NAY ee aa OR ems 
(14,000) (21.4) 
From Table 67 we find that 4-3g in. rd. U-stirrups equal 0.88 sq. in. 
From Table 68 for 4 stirrups and a = 46.5 in. we compute 


Face of support to first stirrup =(.07) (46.5) — 3.25 in. aa baly 
Next two spaces =(.16) (46.5) = 7.44 in. 2 at 7% in. = 15 in. 
Last space =(.26) (46.5)= 12.1 in. ISAtyboeins— 2 ane 


By section 804, the maximum permissible stirrup spacing within the 
distance, a, is: 
(0.75) (21.4) == 16.0 in. 


No extra stirrups are required by this limit. The spacing from the 
face of each support is: 
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3% in., 2 at 7% in., 12 in. 
The stirrup length is: 


(12 — 3)+[ (2) (21.4) J4-[ (2) (5) J= 62 in. = 5 ft. 2 in. 


A portion of the stirrups could be omitted in the zones where the 
bent-up bar reinforces the web. The omissions may be readily determined 


by drawing the stirrups and the bent bar to scale on the shear diagram 
as indicated in Fig. 12. 
Notes for Problem 1: 


(2) Multiplied by 12 to give moment in inch-pounds. 

(6) Allowance made for % in. rd. stirrups—slightly excessive. 
() Allowance made for 1% in. rd. bar—slightly excessive. 

(4) By section 903 of the code: 


Length of anchorage with deformed bars = 


( 20,000 ) ( D? 
3 ——_) 33,333D 
(0.057’,) (D) ps 


©) Zo for 2-% in. rd. 5.5 sq. in. from Table 2. 
Y Zo for 4-% in. rd. = 11.0 sq. in. from Table 2. 
(9) Since special anchorage has been provided to meet the bond requirements 
the value of ve may be taken as 0.03f’c or 60 lb. per sq. in. for 2,000-Ib. concrete. 
Shear at point of inflection (fifth point of clear span) equals (0.6) 
(23,700)= 14,200. 


= 16.7D for 2,000-lb. concrete. 


Steps in Design of T-Beams.—T-beams, in which the slab acts as a 
compression flange for the beam stem, are the same as rectangular beams 
in which the values of p and K are reduced by the elimination of part of 
the section. In the analysis used in this paper, the compressive stresses 
in the stem between the neutral axis and the lower face of the flange are 
neglected, as is usual in design. In designing a T-beam the thickness, ¢, 
of the slab forming the flange has presumably been determined. The steps 
in the design are as follows: 

(1) Same as rectangular beam except that only the weight of the 
stem of the beam need be assumed. 

(2) The value of d is assumed, and from this the value of t/d is at 
once known. Enter Table 5 under the concrete stress used in the design 
and locate the value of K opposite the computed value of t/d. Record the 
.value of p for use under step (5). From formula (101) determine the 
value of b. 

(3) From formula (102a) rewritten with b’, the stem width, in 
place of 6b, compute the value of v. 


G5 50 O00 SOM DUO UO EDE OTD EGOS DOOD OT (102b) 


(4) The value of v must be checked against the limits permitted by 
the code and the overhanging width of the slab used for the T-flange on 
either side of the stem must be checked also against the code. The 
weight of the stem including protective covering must be checked against 
the assumed weight. 
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(5), (6) and (7) are exactly the same as in the rectangular beam. 


Problem 2 shows the complete design of a T-beam by this method 
while Fig. 5 gives the formula relating to p and K in such a beam, on 
which Table 5 is based, and illustrates the stress relations. 

Steps in Design of Rectangular Beams with Compressive Reinforce- 
ment.—Compressive steel is introduced into a rectangular beam when the 
values of 6 and d are so limited by architectural considerations as to 
make the value of K from formula (104) greater than the value given 
in Table 3 (or Table 4) for the concrete stress permitted in the design. 


Since 6 and d are both known the design steps are modified as follows: 

(1) The weight of the member is known and the moments, shears and 
reactions have been computed. : 

(2) Knowing d, the value of d’/d is closely established by the amount 
of covering required by the code. This should be taken as 0.02, 0.04, 0.06, 
etc., to 0.20 (whichever is the nearest to the value computed). Enter the 
appropriate table—8 to 15 inclusive—for the concrete stress used in the 
design and under the proper value of d’/d loc2te the value of K found by 
equation (104). Record the corresponding values of p and p’ for use under 
step (5). 

(3) and (4) are the same as in the rectangular beam. 

(5) The area of the tensile reinforcement is found from formula 
(103a) and the area of the compressive reinforcement from formula (105). 


72 Af emo OAL! ne UO AS etd OH lan Gates cise cigiced (105) 

(6) and (7). are the same as in the rectangular beam, with the added 
requirement of supplying the ties for the compressive steel. 

In Tables 8 to 19 for special refinement of design the change in the 
values of p and K for small increments of compressive reinforcement are 
found by interpolation, permitting any degree of accuracy warranted by the 
balance of the design or the number of like beams involved. Problem 2 
shows the complete design of a beam with compressive reinforcement by 
this simple method, while Fig. 5 gives the formulas relating to p, p’ and K 
in such a beam, on which Tables 8 to 15 are based, and illustrates the 
stress relations. 


PROBLEM 2. 

The T-beams of a beam-and-girder floor are spaced six feet apart on 
centers and are supported on concrete girders spaced 24 ft. in the clear. 
The live-load and the weight of the 4-in. floor slab total 300 Ib. per sq. ft. 
The adjoining spans on either side are the same as this span. Design 
the beam both at the center and at the support in accordance with the 
Joint Code, using 3,000-lb. concrete and fire resistive construction. The 
depth of the beam is limited by architectural considerations to a maximum 
of 16 inches. 
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Solution: Assume the beam stem as 12 in. wide. The weight of the 
stem, below the slab, will be (12) (i2) (150) /144 = 150 Ib. per lin. ft. 
The load from the slab will be (300) (6) 1,800 lb. per lin. ft. and the 
total load 1,950 lb. per lin. ft. 


Moment Diagram 


FIG. 2.—LOAD, SHEAR AND MOMENT DIAGRAMS FOR PROBLEM 2. 


Design at center (T-beam). 
wil? (1,950) (24)?(12) 

Moment at center, M, = = = 845,000 in. lb. 
16 16 

$=4ins @=16—(1% + %@) + 5 }— 13.5 in. 

t/d = 4/13.5 — 0.30 

From Table 5, for 3,000-lb. concrete, p = 0.0108 and K = 192 
845,000 


Ihe intepannnnilly, (CMON) Ces ee A a 
(192) (13.5)? 


By Formula (103a)* As =(0.0108) (24.1) (13.5) = 3.52 sq. in. = 2-14% 
in. sq. and 1-1 in. sq. 

From Table 1, width of beam = 9% +(%@ +10) =11% in, (12 in. 
assumed above—O. K.) 


(8) (12) (1,950) ; 
By formula (102b) v ——————______ = 165 Ib. per sq. in. 
(7) (12) (13.5) 
( = 0.0557" , ©) ) 


*Formula (103b) may be used, as described on page 542. 
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This is less than 180 Ib. per sq. in. (0.06f’,) and special anchorage 
is not required for diagonal tension. The overhanging flange width is only 
6.1 in. on each side and is O. K. Assume that 1-11% in. sq. bar will be 
bent up and the two remaining bars carried through in bottom. 

From formula (17) of the code the bond stress at the point of in- 
flection will be: 

(8) (7.2) (1,950) 
= = 140 Ib. per sq. in. (= 0.0477’, ) 
(7) (8.5) (13.5) 

This is less than 150 Ib. per sq. in. (0.05f’, ) and only ordinary anchor- 
age is required. 

Design at Support (Rectangular Beam with Compressive Reinforce- 
ment). 


wl (1,950) (24)?(12) 


Moment at support. WM. = 112 4,000 Min, 1. 
12 eae 
b= 12 in. and d= 13.5 in. as determined above, d’ — 2.7 in. 
27 
d’/d = — = 0.2 
13.5 
1,124,000 
By formula (104) K= = 513 


(12) (13.5)? 
An examination of Table 13 shows that K is too great and that the 
beam must be widened at the support. Try 6 = 20 in. 
1,124,000 
By formula (104) K=————_ — 308 
(20) (13.5)? 

From Table 13 using d’/d=0.2; for K=313; p’—0.016 and p= 
0.0185. 

By formula (105) A’ =(0.016) (20) (13.5)— 4.32 sq. in. 

If the 1-1% in. sq. and 1-1 in. sq. in the bottom are lapped, an area of 
4.53 sq. in. will be provided. 

By formula (108a) * AS = (0.0185) (20) (13.5)—5.00 sq. in. 

The 14% in. sq. bent up from the center and lapped across the support 
provides 2.53 sq. in. Two 14 in. sq. straight in the top will provide 2.53 
sq. in. or a total of 5.06 sq. in. 

The critical bond stress at the face of the support will be: 

(8) (12) (1950) 

(ls RSPR LIS = 110 Ib. per sq. in. (= 0.037’, ) requiring 
ordinary anchorage only. 

The increase of 6 to 20 in. at the support must be tapered down to 
the center width of 12 in. not nearer the support than that point where 
the moment is reduced to the value of the resisting moment of the doubly 


*Formula (103b) may be used, as described on page 542. 
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reinforced 12 by 16-in. section. This may generally be assumed from an 
inspection of the moment curve but may be computed as follows: 


For 2—1% in sq. and 2—1 in. sq. in bottom, b = 12 in. and d=13.5 
in.; p’ = 0.028 
For 4—1%% in. sq. in top, b= 12 in. and d=13.5 in.; p — 0.032 


The code permits only 2 per cent of compressive reinforcement to be 
considered effective and with d’/d —0.2 the value of K from Table 13 is 
limited to 333. The maximum resisting moment of the 12 by 16 in. section 
is therefore: 

M —=(333) (12) (13.5)? = 730,000 in. Ib. 

The haunch may be terminated at a point 18 in.“ from the face of 
the support where this negative moment is shown by Fig. 2. 

The unit shearing stress has been decreased by the increase in 6. At 
the support by formula (102a) : 


(8) (12) (1950) 
rae = 99 1b. per sq.) in: 
(7) (20) (13.5) 


At the end of the haunch, by formula (1026). 
(8) (10.5) (1950) 
=e db, pers. tn. (0.04877) 
(7) (12) (18.5) 
Only ordinary anchorage is required for either bond or diagonal ten- 
sion and the value of vce is 0.02f’,— 60 Ib. per sq. in. 


By formula (114) V,—(60) (%) (12) (13.5) = 8,500 lb. 
At face of support Ve =(60) (%) (20) (13.5) —=14,200 lb. 


Compute the stirrups from the narrow end of the haunch toward the 
center of the beam as in Problem 1 and continue the next-to-end spacing 
for stirrups within the haunch. Formula (119) determines the value of 
a and is not affected by the haunch. In this case the stirrups are more 
than adequate to meet the code requirements for ties for the compressive 
reinforcement. 


Notes for Problem 2. 


(2) Allowance made for % in. stirrups. 

(6) Allowance made for 1% in. bar. 

(©) Allowance made for fire resistive construction. 

(4) > o for 1—1% in. sq. and 1—1 in. sq. bars = 8.5 sq. in. from Table 2. 
() Note change in beam width and recalculation of v later in problem. 

Y) > o for 4—1% in. sq. bars — 18.0 sq. in. from Table 2. 

(9) May be computed as follows: 


Mz ~— 1,124,000 —- 730,000 = 394,000 in. Ib. = 32,800 ft. Ib. 


we 
= —— (1 — 7) = 9752 (24 — x) 
2 
Solving: © 1.50 ft. = 18 in. 


Steps in Design of T-Beams With Compressive Reimforcement.— 
T-beams may occasionally require compressive reinforcement in order to 
comply with the code limitations of b and still keep within an architec- 
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tural limitation on the beam depth or flange width. This case is slightly 
more complex but still simple under this method of solution. The limiting 
values of b, d and t/d will be known. The steps are as follows: 

(1) Same as for ordinary T-beam, except that weight of beam stem 
is definitely determined. 

(2) .From the values of 6 and d compute the required value of K 
by formula (104). Enter Table 16 (or Table 17, 18 or 19 according to 
the concrete stress used in the design) and record the value of p and K 
for the known value of t/d, using the three left-hand columns of the table. 
Subtract this K, which is the value for a T-beam without compressive 
reinforcement, from the total K found from formula (104). The remainder 
is the value of K which must be added by the compressive reinforcement 
and its balancing additional tensile reinforcement. Under the proper value 
of d’/d locate the value of K equal to this remainder and record the cor- 
responding values of p and p’. Add the two values of p together to get 
the total percentage of tensile reinforcement for the beam. 

(3) Same as ordinary T-beam. 

(4) Same as ordinary T-beam except that the values of 6 and of the 
weight need not be checked. 

(5) Compute the area of tensile reinforcement from formula (103a) 
and of the compressive reinforcement from formula (105). 

(6) and (7) are the same as in the rectangular beam. In Tables 16 
to 19 the change in the values of p and K for small increment of compres- 
sive reinforcement are given at the bottom, permitting very accurate in- 
terpolation where conditions warrant. 

Problem 3 shows the complete design of a T-beam with compressive 
reinforcement by this simple method. Fig. 6 gives the formulas relating 
to p, p’ and K, on which Tables 16 to 19 are based and illustrates the 
stress relations. 

PROBLEM 3. 

A floor has standard pans 8 in. deep by 20 in. wide and 2-in. concrete 

top slab. The clear span between joist supports is 20 feet. 


Live Load = (2.08) (50) =104 The loads on the typical joist 
Top Slab = (2) (25) = 50 are as given to the left, and 
547 the design provides joists 5 in. 

Joist Stem =(*+*) (8) = 48 wide and 25 in. on centers. A 
storage room requires a num- 

Susp. Ceiling = (2.08) (10) = 21 ber of joists to be designed for 
Wood Floor on Fill —(2.08) (20)— 42 a live load of 250 lb. per sq. ft., 
Partitions — (2.08) (35) = 73 the other loads remaining as 
—— before except that the partition 

Total Load per lin. ft. = 338 load may be considered as in- 


cluded in the heavier live load. 
The depth of the construction must remain 10 in. as before for architec- 
tural effect on the ceiling of the room below. Design these special joists, 
using compressive reinforcement if necessary, with 2,000-lb. concrete, 
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Solution: For the typical joists the design at the center is sum- 
marized as follows: 


2 
d=10—(1 + Y%% 11440) —825 in. t/d =—— — 0.24 
8.25 
From Table 5, for 2,000-lb. concrete, p — 0.0065 and K = 117 
(338) (20)?(12) 
b wets 


= ——_____—_ = 12.7 in. A, =(0.0065) (12.7) (8.25) — 0.68 sq. 
(16) (117) (8.25)? 
in. = 1-% in. rd. and 1-% in. sq. 
Width of joist from Table 1=4'/,,4+ 144 —4/,, in. (5 in. used). 
The loading on the store room joists will be increased by (250) (2.08) 
= 520 lb. per lin. ft. and decreased by (2.08) (85)= 177 lb. per lin. ft., 
the net increase being 343 lb. per lin. ft. and the final load on these joists 
681 lb. per lin. ft. For this load: 
(681) (20)2(12) 
i = 34.3 in. This is greater than the avail- 
(12) (117) (8:25)? 
able width of 25 in. and compressive reinforcement is required. 
Design of T-Joist with Compressive Reinforcement 
(681) (20)*(12) 
Moment at Center = = 272,400 in. lb. 
12 


272,400 
b—25in. d—8.25in. Therefore K ————_—_ — 160 
(25) 5¢8:25))2 


2 
From Table 16, left portion, with t/d =——=0.24, K 


=117 and 
8.25 
p = 0.0065. 
The deficiency in K is therefore 160 — 117 = 43 
1.63 
A 10), dy OO 86 Oa een. di/d — -—— — 0.2 
8.25 


From Table 16, right portion, using d’/d=0.2 we find that K — 42 


when p’ — 0.010 and p — 0.0026. 
The total percentage of tensile steel is 0.0065 + 0.0026 — 0.0091. 
By formula (103a)* As (0.0091) (25) (8.25)= 1.88 sq. in. 
This requires a joist about 8 in. wide and the design must be revised 


for the extra dead- and live-load, as follows: 
(781) (20)?(12) 


Live load —(2.33) (250) = 583. Mom. at center = 
12 
Top Slab =(28) (2) ==156; = 312,400 in. Ib. 


312,400 
(28) (8.25)? 


Joist stem — (=) (8)= 72. b= 28in. d= 8.25 in. K = 
= 164. 


*Formula (103b) may be used, as described on page 542. 
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Susp. Ceiling —(2.33) (10) |. =23. Deficiency in K = 164—117 = 47. 

Wood Floor on fill =(2.33) (20)— 47. 

Total load per lin. ft. =781. From Table 16, p’ = 9.012 and p = 
0.0031. 


The total percentage of tensile reinforcement is: 
p = 0.0065 + 0.0031 = 0.0096. 
By formula (103a)* A; =(0.0096) (28) (8.25) = 2.22 sq. in. =2—1 
in. rd. and 1-% in. rd. in bottom. ; 
From Table 1, required width of joist = 5% + 23/,, + 1% = 8%/,, in. © 
By formula (105) A’s =(0.0031) (28) (8.25) =0.72 sq. in. =1-% in. 
rd. and 1-5 in. rd. in top. 


(8) (10) (781) 
By formula (102a) v= aay ange 
(7) (8.25) © (8.25) 


This requires special anchorage of reinforcement. The design of the 
joist at the support and of the web reinforcement, follows the same pro- 
cedure as shown in Problem 2, and will not be repeated here. The flared 
joist furnished by tapered end-pans will provide the necessary joist width 
at the support with compressive reinforcement and will reduce the shear- 
ing unit stress. 

The deflection should be investigated and a camber placed in the forms 
to equalize the final deflection of the typical and special joists. 


(240)? 


For the typical joist, D = (0.0625) ( ) (0.00092 )— 0.40 in. 


For the special joist, D (0.0833) ( 


) (0.00107 ) = 0.62 in. 
8.25 


The formwork for the special joists should be cambered 0.22 in. more 
than that for the typical joists in order to keep a level ceiling. 


Notes for Problem 3. 


(2) Allowance made for ordinary construction. 

(») Allowance made for % in. rd. stirrups. 

() Allowance made for one-half of %4 in. bar. 
wl? 

(4) Moment at center increased to 


on account of special loading. 
() Width of joist at level of bottom reinforcement = 8¥% in. 


Combined Bending and Direct Oompression.—l have developed no new 
methods for the design of members subject to bending and direct compres- 
sion. In general, it is not possible to maintain “balanced reinforcement” 
in such designs and each diagram must cover a considerable range of 
stresses both in steel and in the concrete. Diagrams of this same nature, 
that have been published heretofore, have yenerally covered too narrow a 


*Formula (1083b) may be used, as described on page 542. 
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FORMULAS FOR DESIGN VALUES OF p AND K. 
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FIG. 3.—RECTANGULAR BEAMS. FIG. 5.—RECTANGULAR BEAMS WITH 
COMPRESSIVE REINFORCEMENT. 
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FIG. 4.—T-BEAMS. 
FIG. 6.—T-BEAMS WITH 
COMPRESSIVE REINFORCEMENT. 
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range to be fully adequate for design. Diagrams 20 to 65 cover both circu- 
lar and rectangular sections for Cases I and II to the full limits of steel 
ratio permitted by. the code, for 2,000, 2,500, 3,000 and 3,750-lb. concrete 
(and for 5,000-lb. concrete in circular sections) and for ratios of d’/t up 
to 0.2. All these diagrams have been newly computed for this paper. So 
far as I’know, this is the first time that diagrams for 3,000, 3,750 and 
5,000-Ib. concrete have been prepared. The essential formulas are given 
below and Problems 4, 5 and 6 illustrate their application. For the deriva- 
tion of the formulas and a complete descriptive text the treatment of this 
subject in “Structural Members and Connections,” pages 526 to 567, is 
recommended as probably the most complete of the available discussions. 

Special Notations for Bending and Direct Compression.—New symbols, 
as used in the formulas, diagrams and problems, have the following 
significance: 


e — distance from point of application of N to gravity axis of 


section. 5 
N component, normal to section, of all forces acting on it. 
L,Q, Z, R, = expressions introduced to reduce labor of computations. 
p, = ratio of total area of symmetrically placed reinforcement to 


gross area of rectangular sections or to core area of 
circular columns. 

r =distance of c. g. of steel area near compressive face of rec- 
tangular section to gravity axis. ; 

r =radius of circular core. 

¢ = total depth of rectangular section. 


Design Formulas for Bending and Direct Compression—For either 
round or rectangular sections the condition in which the entire cross sec- 
tion is in compression is designated as Case I. The condition in which part 
of the section is in tension is designated as Case II. Only symmetrical 
arrangement of reinforcement is covered by the design diagrams and the 
steel must be equally divided between the two faces in the case of rectangu- 
lar sections. The usual design formulas follow: 

Round Sections—Case I. 
NQ 
Maximum stress in concrete, (oS eae (106) 
Tr? 
The value of Q is taken from Diagrams 20,21, 22, 23 or" 24. 
Round Sections—Case II.* 


Ne 
Bi ee Be aaa oval by sie s ote Ps Re Eee (107) 
1p Oe 
R, 
Stress in concrete, f,==——. ae eer (LOS) 
R, 
fe 


* Formulas for circular sections are based on a solution by Mr. C. S. Whit- 
ney, Consulting Engineer, Milwaukee, Wisconsin. 
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Tensile stress on steel, f, =R( 2 ,) Srapelesy omens (109) 
1 
1 F 
Values of —and of —are taken from Diagrams 25, 26, 27, 28 or 29. 
fie R,; 


Problem 4 illustrates the application of these formulas and diagrams to 
design. 

For rectangular sections it must first be determined whether the solu- 
tion falls under Case I’or Case II. Case I formulas and diagrams must 
be used when the existing value of e/t is less than the value of e/t com- 
puted from the formula (110). 


1+ 12npo iB ; 
é t 


Sy anise wie dee suai tere stems leva (110) 
t 6(1+ np,) 
Case II formulas and diagrams must be used when it is greater. 
Rectangular Sections—Case I. 
NZ 
Maximum stress in concrete, f, =—— ......... (111) 
bt 


The value of Z is taken from Diagrams 30 to 45 for various values of 
d’/t from 0.05 to 0.2. Problem 5 illustrates the application of this formula 
and these diagrams to design. 

Rectangular Sections—Case II. 


i Ne 
Stress in concrete, f, =—— ......-.....05. (112) 
b!L 
d 
Tensile stress in steel, f, =nf,(———1) ...... (113) 
kt 


The value of L is taken from Diagrams 50, 55, 60 or 65 after the value 
of k has first been determined from Diagrams 46 to 49, 51 to 54, 56 to 59 
or 61 to 64. Problem 6 illustrates the application of these formulas and 
diagrams to design. . 

The formulas for Q, Z and L may be found’ in the text referred to 
above as well as a full statement of the steps to be taken in design and 
formulas for the general case of non-symmetrical reinforcement for which 
complete design diagrams are not available. 


PROBLEM 4. 


A spiral column carrying 400,000 lb. of direct load including its own 
weight, is also subject to 4,800,000 in. Ib. bending moment. Design the 
column in accordance with the 1928 Joint Code with 3,000-Ib. concrete, and 
determine the principal stresses. 

Solution: Assume a 36-in. diameter column with a 32-in. round core 
and p— 0.04. 

4,800,000 po NG 
e = ————_ = 12 in. — = — = 1.33 
400,000 Cen 2 
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This is obviously Case II, since ¢ is so large. 
From Diagram 27, upper portion: R,/f, = 0.296. 
From Diagram 27, lower portion: fs; /R,=18.0 


M 4,800,000 

By formula (107) Rk, =—— —=—————_—- = 373 
ar® (3.14) (16) 
373 

By formula (108) f, = ——-= 1,260 Ib. per sq. in. 
0.296 


(1,350 lb. per sq. in. allowed adjacent to support) 
By formula (109) f, =(18.0) (373) = 6,720 Ib. per sq. in. 
The core area by Table 105 is 804.2 sq. in. 
The steel area will be: 
A, =(0.4) (804.2) = 32.2 sq. in. = 21-14% in. sq. bars spaced uni- 
formly inside the spiral. z 
The spiral will be determined by the design of this same column for 
the direct load only by the method shown in Problem 9. 


PROBLEM 5. 

A rectangular tied column, whose lesser dimension is limited to 20 in. 
carries a direct load of 800,000 Ib. including its own weight and is alse 
subject to a bending moment of 2,400,000 in. lb. acting in a plane perpen- 
dicular to the longer dimension of the column. Design the column in 
accordance with the 1928 Joint Code with 3,000-Ib. concrete, and deter- 
mine the principal stresses. 


Solution: From the limit given in the problem, t—20 in. Assume 
p = 0.04 and d’—0.15t, making r= 0.35¢. 


2,400,000 e 3 
ée = ——— = 3 in. —=—=— 0.15 
800,000 tC a20 
e 1-+4(120) (.04) (.85)? 
By formula (110) == = .189 
t 6 + (60) (.04) 
e 
This computed value of — is greater than the existing value by the 
t 


conditions of the problem and the diagram for Case I (Compression over 
entire section) apply. 
From Diagram 40, Z — 1.28. 
(800,000) (1.28) 


By formula (111) }= =='37.90 ins 
(1,350) (20) 


The concrete stress is 1,350 lb. per sq. in. as used in solving formula 
(111) above. The steel stress will be low since no tension occurs. 
The column will be 38 in. wide by 20 in. deep. 
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The steel area will be: 

As =(0.04 (37.9) (24)—30.4 sq. in. = 20-1 in. sq. bars placed sym- 
metrically with ten 114 in. sq. bars at each face. 
The value of d’ will be 2+ 5 = 2.62 in. and d’ = 0.131¢ which checks 
the value assumed. 
The ties will be %4-in. rd. at 12 in. o.c. and provided with one leg 
through the center of the column in each direction in addition to the 
outer tie enclosing all the bars. 


PROBLEM 6. 


A square tied column carries a direct load of 200,000 lb. including its 
own weight and is also subject to a bending moment of 4,000,000 in.-lb. 
Design the column in accordance with the Joint Code with 3,000-lb. con- 
crete, and determine the principal stresses. 

Solution: Assume a column 26 in. by 26 in. and assume p=.03. By 
this assumption, t= 26 in. and d’ = 2.6 in.=0.1t allowing 2-in. fireproof- 


ing. 


4,000,000 e 20 
pa E00 any ee 
200,000 t 26 
e  1-+4(120) (.03) (.40)? 
Bo yest OT es VO) 20) 
t 6 +.(60) (.03) 


This is Case II, since 0.20 is less than 0.77 


e 
From Diagram 57, with— 0.77 and p=.03; k — 0.49 
t 


From Diagram 60, Part I, with p= .03 and k—0.49; L — 0.18 


4,000,000 
By formula (112) f,= — = 1,263 lb. per sq. in. 
(26) (26)?(0.18) 

A slightly smaller value of p may be determined by trial to give a 
higher concrete stress if it is desired to use the full 1,350 lb. per sq. in. 
allowed at section adjacent to the support. 

The steel area will be: 

A, =(.03) (26)? = 20.3 sq. in. = 13-144 in. sq. bars 

Since the concrete stress is low we may use 12-14% in. sq. bars and 
secure a symmetrical arrangement of the bars. 

By formula (113) the tensile stress in the steel will be: 

23.4 


fs (10) (1,263) | —1 + 10,550 lb. per sq. in. 


(0.49) (26) 


Web Reinforcement—General.—The last step in the calculations for 
each of the four types of beams calls for the design of the web reinforce- 
ment. In this paper all formulas for the design of web reinforcement are 
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BASIS OF FORMULAS FOR WEB REINFORCEMENT. 
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based on the vertical shears in the usual manner. The web reinforcement 
computed from them will be adequate in amount and properly arranged to 
resist the diagonal tensile stresses which occur in the web. In Fig. 7 and 
Fig. 9 are shown the three shapes of areas that may occur in the shear 
diagram between the axis and the shear curve. Each area represents the 
total shear to be resisted by the web concrete and reinforcement. In Fig. 7, 
with uniform load only on the beam, these areas are shown to be triangles. 
This is designated as Case II and is a special form of the general trape- 
zoidal case. In Fig. 9, with both uniform and concentrated loads on the 
span, these areas are trapezoids. At the left, the minimum shear at the 
low end of the trapezoid is greater than V_, the safe resistance of unre- 
inforced web concrete. This is designated as Case I. On the right the mini- 
mum shear at the low end is less than V.. This is designated as Case ITI. 
Fig. 8 illustrates the law governing stirrup spacing. Fig. 10 is introduced 
to aid anyone who wishes to check the formulas in the following treatment 
but is of no interest otherwise. 

In design by the Joint Code, the area under the shear curve is con- 
sidered as made up of two parts. The first part is the resistance of the 
concrete itself at the unit shearing stress permitted by Section 306 of the 
Code. This shear resistance at any section is determined by formula (114). 


In Figs. 7 and 9, this value of the shear on the concrete, V’, is laid off 
and a line drawn parallel to the axis, defining the area (shown by diag- 
onal cross-hatching) which represents the portion of the total area under 
the shear curve which may be considered as carried by the concrete without 
the aid of web reinforcement. This leaves the second part of the area 
under the shear curve (shown in Figs. 7 and 9 by vertical cross-hatching) 
as the measure of the shear resistance which must be provided by the web 
reinforcement. 

For vertical stirrups, the total resistance, = V’, with N stirrups, is 


found by formula (115). 


ai 
Vb NAD PRG Fi hee oii one Aleisla'? «pits abilade we saci (115) 
8 
For inclined stirrups, the total resistance, © V’, is found by formula (116). 
7 
DV’ =—NA f ,d cosee @ os eee seer seer sees (116) 
8 


The value of »V’ is the vertically-hatched area under the shear dia- 
gram and should be computed taking the shear in pounds and the distance 
along the axis in inches. From this, the number and size of stirrups may 
be computed by formulas (115) and (116). Using the stirrup stee] stress 
permitted by the code (16,000 lb. per sq. in.) and transposing, formulas 
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(115) and (116) reduce to forms convenient for design as given in for- 
mulas (117) and (118). For vertical stirrups, 


ave 
NA Neer arerEr en COCO ead ONO ea da dice doa aman - (117) 
14,000d 
For inclined stirrups, 
ZV’ sin g 
tf eememrrenan gs ID Pare Ma ue EL (118) 
14,0004 


in which A ,—right cross-sectional area of a single stirrup (both legs of 
a U-stirrup) and a«=angle between the stirrup and the horizontal. 

Table. 67 gives all values of NA, for 1 to 20 U-shaped stirrups of the 
usual sizes, for use with formulas (117) and (118}. In using Table 67, 
the maximum permissible size of stirrup for any value of d should be 
determined from Diagram 66. If larger stirrups are used, the anchorage 
must be increased or the stress decreased. In any case the area DV’ (the 
vertically-hatched portion in Fig. 7 or Fig. 9) must be computed, taking 
the shears in pounds and distances along the beam axis in inches. In this 
computation the distance, a, along the axis, requiring web reinforcement 
must be determined. In Case I, a is equal to the distance from the face of 
the support to the load; or if a trapezoid between two loads were involved, 
a is equal to the base of the particular trapezoid under the shear curve for 
which stirrups are being designed. For Case II, with a triangular area 
under the shear curve, the value of a is found from formula (119). 


(2 : 
a=(. | Jie ich, os sie ere eceeeraas (119) 


in which c= the base length of the triangle in inches. For Case III in 
like manner (see Fig. 9 and Fig. 10) the value of a is given by for- 


mula (120). 
V’; ) 
aa (oe CC) sual stove doe, SERV Psy ste ee (120) 


Spacing of Stirrups—Having calculated the number and size of stir- 
rups required as shown above the spacing must be determined. Each 
stirrup should be so located as to take care of two equal unit trapezoids 
under the shear curve (see Fig. 8 in which a,, 2, a3, etc., are the equal unit 
areas, each equal to y V’~2N) and should therefore be located at the 
junction line between these areas, for example between a,, and a, a; and 4, 
etc. The distances from the high end of the trapezoid under the shear 


curve to these points are designated a,, a, az, ete., and are determined by 
formulas (121), (122), ete.: 


2, Vv, Vv’ 2. ( Vi wy 1 
Reo ee = be SPA) 
a ¥',—V’, V’,— Vv’, Vere 2N 
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Penal (= | ae ey 3 
—=——_ -, mds Vater a 
a V A — ee \ Vv’; a2 a, iV ere Ves 2N 


and so on, the number in the numerator of the final fraction in each for- 
mula corresponding to the subscript of # Diagrams 69, 70 and 71 give 


Die ed Vas 
values of —, —, —, ete., for all variations in the ratio of 
Cea e Was 


and for 1 to 


20 stirrups. Having determined a, by formula (119) or (120) or directly 
from the shear diagram, the distances to the stirrup locations are taken 
directly from Diagrams 69, 70 and 71, using 72 as an aid, as explained in 
the instructions for their use. * 

With uniform load only on the beam, Case II, the values of V’, and of 


V’, @, Ws 
become zero and the values of —, —, etc., appear on the lower line of 
Ws a@ a 


each section of Diagrams 69, 70 and 71. These same values are arranged 
in Table 68 with spacing grouped in the usual practical manner, and afford 
an especially rapid but accurate computation of stirrup spacing for uniform 
load. 

Total Number of Stirruwps——The number of stirrups, VN, found from the 
diagrams is the theoretical minimum number necessary to provide the 
required resistance, © V’. In the final design account must be taken of the 
limitations imposed by Section 804 of the Code. If the theoretical spacing 
is written down as it is read from the diagram a casual inspection will 
show how many stirrups must be added to comply with the rules governing 
maximum stirrup spacing. Problem 7 shows the complete solution of a 
general case, including the consideration of extra stirrups to meet these 
rules, while Problem 1 shows a solution using Table 68. 

More Than 20 Stirrups Required.—For this case the designer will gen- 
erally resort to a UU-shaped stirrup rather than to use too close a spacing. 
More than twenty stirrups to a single trapezoid under the shear curve is 
ordinarily undesirable. With UU-stirrups the values in Table 67 will be 
doubled. If, however, the designer desires to use more than 20 stirrups he 
may proceed as indicated in Fig. 11, dividing the original trapezoid into 
two smaller ones and making two solutions. If the lower trapezoid repre- 
sents the shear value of 20 U-stirrups, the spacing in the higher of the 
two trapezoids may be considered as uniform and equal to the value by 
formula (123). 


14,000 4, dr 
so a A ai LRN AR ea Daioh (123) 


De 


in which = V’ is the area of the higher of the two trapezoids. The end 
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s 
spacing will be —. The division point in Fig. 11 will be at a distance, 
2 
#, from the high side of the original trapezoid determined by formula 
(124). 


@ V’ V’ 2 V+ Vv’ N20 
ot ee -( ie ‘)( —~- J. (124) 
a’ V’; re Vie ie [at Lie WG, Pia: Vv’, N 


Bent-up Bars as Web Reinforcement.—Fig. 12 illustrates the common 
case of a bar bent up in crossing from the bottom of the beam to the top 
of the beam. Under the Joint Code such a bar may be considered as effec- 
tive web reinforcement over the center three-quarters of its sloping portion 
and to have a value over this distance, a,, determined from formula (125). 


Ve ==')6 O00 A Sinsail. cote, eee eae one ee ee (125) 


In Fig. 12 the unshaded area represents the portion of =V’ taken by this 
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FIG. 1].—METHOD OF APPLYING SPACING DIAGRAMS WHEN MORE THAN 
TWENTY STIRRUPS ARE USED, 


bar, leaving the two trapezoids, 1 and 2, and the triangle, 3, to be rein- 
forced by stirrups. Values of V’ for bars bent up at various slopes are 
given in Diagram 73. Problem 7 shows the complete design of a beam in 
which such a bent-up bar provides a portion of the web reinforcement at 
one end. 


PROBLEM 7. 


For purposes of comparison design the web reinforcement at one end of 
the beam shown by Figure 13, (a) using vertical stirrups and (b) using 
bent-up beam bars in conjunction with stirrups. Assume 2,000-lb. concrete 
in each case, 


Solution: The beam is 12 by 36 in. For fire resistive construction 
= 36 —(1% 4 % + 5) — 33.4 in. 
By formula (114) V , = (0.02) (2,000) (%) (12) (33.4) = 14,000 Ib, 


Laying this off from the shear axis as shown in Fig. 13 the value of 
V’, is 15,000 and of V’;—12,150 and the ratio is: 
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Vaal 15,000 
This is Case I and the value of a is 76 in. by inspection. 

(a) Design Using Vertical Stirrwps.—The area under the shear curve 
to be carried by the vertical stirrups, shown vertically-hatched in the dia- 
gram is: 

12,150 -+ 15,000 
52) ees ——-) (76) = 1,030,000 in. Ib. 
2 


From Diagram 66 the maximum size of vertical stirrup for d= 33.4 
and 2,000 lb. concrete is 34 in. rd., if plain, or % in. rd., if deformed. Use 


WLM Lood Ber edd 


Z= clear spon 


| Beam BISt ergs 


| 
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FIG. 12.—BENT-UP BARS IN CONJUNCTION WITH STIRRUPS. 


1% in. rd. deformed bar for stirrups. By formula (117) 
1,030,000 
NAy= SEPM ET rs 
(14,000) (33.4) 
From Table 67, 6-%4 in. rd. U-stirrups provide 2.36 sq. in. Enter Dia- 
gram 69, using the second section from the bottom (for 6 stirrups) ; the 
distance from the face of the support for V’, + V’,=0.81 are: 


lst stirrup = 0.08a —(0.08) (76)= 6 in. Stirrup spacing 6 in. 
Qnd stirrup = .24a =(0.24) (76)= 18 in. Stirrup spacing 12 in. 
3rd stirrup — .39a¢ =(0.39) (76)=— 30in. Stirrup spacing 12 in. 


4th stirrup — .56a —(0.56) (76)—43 in. Stirrup spacing 13 in. 


SS eee 
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5th stirrup—= .74a—=(0.74) (76)=56in. Stirrup spacing 13 in. 
6th stirrup— .9la—=(0.91) (76)=69in. Stirrup spacing 13 in. 
(8) (29,000) ; 
Since v= = 83 lb. per sq. in. (= 0.42f’,) the maxi- 
(7) (12) (238.4) 
mum spacing by section 804 of the code is (34) (33.4) — 25 in. and the de- 
sign is satisfactory, calling for 6-% in. rd. U-stirrups spaced 6 in., 2 at 
12 in., 3 at 13 in., starting at the face of the support at each end of the 
span. 
(b) Design Using Bars Bent-up in Single Plane—By section 805c of 


24500 24500 


a “ WW 
20.1), 30.8" 25.1 


Ye /4000, V,'=/5000 


FIG. 13.—STIRRUPS VS. BENT-UP BARS (PROBLEM 7), 


the code, only the center three-quarters of the sloping portion may be con- 
sidered effective as web reinforcement, 

It will generally prove wasteful to attempt to bend the bar so that the 
effective zone will cover the entire 76 in. that requires web reinforcement. 
The points of bend would have to lie (1/6) (76) = 12.7 in. inside the face 
of the support and beyond the load point, so that the bar would be of very 
little value as tensile reinforcement at sections of maximum negative and 
positive moment. It will be better to add stirrups at either end of the 
trapezoid and make the upper point of bend 20 in, outside the face of the 
support and the lower point of bend 15 in. inside the load point (see 
Fig. 13) where the moments are such that this steel may be bent down 
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without requiring extra tensile reinforcement. The length of the “run” 

of the bar (Diagram 73) will be 76 —({15 + 20)—=41 in. The “rise” will 
41 

be 36 —[ (2) (2.6) ]= 30.8. Ratio of “run” to “rise” —-—— —1.33. From 
30.8 


Diagram 73, lower part, the value of 1 —1 in. rd. bar at this ratio is 7,500 
lb. and 2— 1 in. rd. bars will be required to carry V’;= 15,000 Ib. 

The zone, a,, in which these bars are effective will end at (14) (41)= 
5.1 in., from the points of bending of the bar and will be 41 —[ (2) (5.1) ] 
= 30.8 in. wide located as shown in Fig. 13. The 25.1 in. at the support 
will require 2-14 in. rd. U’s while the 20.1 in. next to the load point will 
require 2-14 in. rd. U’s, as is readily determined by the stirrup design 
already made. The stirrup spacing from the face of the support may be 
taken as 6 in., 12 in., 38 in., 13 in. from the previous stirrup design. 

A computation of the stirrups required by the small trapezoid 2 will 
give a check on the results as follows: 


12,900 -L 12,150 
sV= ( eee ) (20.1) — 252,000 in. Ib, 


2 
252,000 
NA, =——_____—_ = 0,54 aq. in. = 2-¥% in. rd. 
(14,000) (33.4) 
Vv’, 12,150 
= — 0.94 a — 20.1 in. 
Vv’, 12,900 


From Diagram 69 the distance from edge of zone covered by bent-up 
bars to first stirrup = (0.25) (20.1)—5 in. 
To second stirrup =(0.75) (20.1)= 15 in. 

Revised spacing of stirrups will be 6 in., 12 in., 43 in., 10 in. 

Two-way Slabs Supported on Beams.—Diagram 74 gives the load dis- 
tribution for design strips (commonly taken as 12 in. wide) in each direc- 
tion in ordinary slabs supported on beams on all four edges. The design 
of the unit strips within the middle half of the clear span in each direction 
employs the same moment coefficients as are used for beams under the same 
general conditions of loading, support and restraint. In the outer quarters 
the reinforcement is permitted to be reduced to one-half of that required in 
the parallel middle strips. The supporting beam must be designed to carry 
in addition to its own weight and superimposed live load a uniform load 
throughout its length equal to the load per foot brought to it by the middle 
strips on either side. No reduction in live load is permitted on beams 
supporting two-way slabs, even though such reduction may be used under 
the code for beams supporting one-way slabs. The design of the strips is 
the same as the design of rectangular beams. 

Quantities of Concrete, Formwork and Reinforcement.—In the design 
of beams and T-beams architectural considerations, such as unobstructed 
head room, arrangement of beams on ceiling, etc., aresso important that 
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the range in beam sizes and proportions, even in buildings of the same. 
span and floor load, is considerable. I have not attempted, therefore, to 
give any formulas or diagrams for quantities of materials required in the 
beam-and-slab types of structure. Part IL of this paper, however, gives 
tables of quantities from actual designs for quite a wide range of panel 
sizes, live loads and concrete strengths. In the case of columns, likewise, 
there is ordinarily some architectural limitation on size that introduces 
wide diversity in designs for the same vertical load, and there is very 
commonly some bending moment present to modify the final design. It is 
therefore difficult in this case also to prepare any formulas or diagrams for 
quantities of materials that would be generally applicable. Where mem- 
bers can be standardized, as is the case with flat slab floors and with 
spread footings, it is not difficult to prepare diagrams giving quite closely 
the volume of concrete, area of formwork and weight of reinforcing steel 
required for typical design conditions. 

For flat slab floors each design diagram _is followed on the facing page 
by a quantity diagram for the same conditions. The quantities of concrete, 
formwork and reinforcement required for a design taken from Diagram 
77, for example, may be read directly from Diagram 78. For square spread 
footings the same arrangement has been followed. The quantities for a 
design selected from Diagram 112, for example, may be taken directly from 
Diagram 113 on the facing page. In the case of footings this offers the 
additional advantage that the excavation required by the contractor may be 
taken from the design diagram (making proper allowances for the space 
occupied by the formwork) in the same operation without turning a page. 

In using quantity diagrams allowance must always be made for extra 
concrete if a slab is made 814 inches thick where the design diagram calls 
for 8.2 inches, for example. The diagrams are right, but the actual design 
may vary slightly from the theoretical and a corresponding allowance must 
be made by the estimator. In the same way some allowance should always 
be made for extra steel in cases where the steel area from the diagram does 
not divide evenly into bars. The diagram may call for 6.8, 1%4-in. round 
bars, but the design will call for seven, and the estimator must add for this 
contingency. It is impossible to make such allowances in the diagrams 
since one designer may use 14-in. round bars while another may use 56-in. 
round bars, and the allowance would be different. 

These quantity diagrams are useful to the designer as well as to the 
estimator. It enables the designer to study the relative economy for dif- 
ferent concretes, varying spans and soils of unequal bearing power, with a 
great saving in time and labor. In using quantity diagrams for compara- 
tive purposes in design it is not necessary to make any allowances, as men- 
tioned in the last paragraph, since these allowances will balance very 
closely and will not affect the comparisons materially. 

Flat Slab of Standardized Proportions—The Joint Code properly per- 
mits a wide latitude in the proportions of flat slab floors, to permit of 
columns without capitals, or without drops, or with unusually large or 
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small capitals, such as frequently are required. For the usual run of 
factory buildings, however, a standardized design is entirely acceptable and 
will save much labor. I have used a column capital diameter equal to 
0.225 1 in Diagrams 79, 83, etc., while in Diagrams 77, 81, etc., the capital 
size varies from 6.225 1 to 0.25 J according to standard metal column form 
used, Diagrams 79, 83, etc., may be used with wood column capital forms 
where no standards govern but only Diagrams 77, 81, etc., should be used 
for circular capitals formed in metal molds in the usual way. The side of 
the square dropped panel is taken as 0.35 J in all cases. The depth of the 
dropped panel below the slab is taken as one-half the slab thickness in all 
cases. The following moments are taken which lie within the values given 
in table in Section 1003 of the code: 


Two-way system Four-way system 
—Mc = 0.47 Mo; + Mc = 0.21 Mo — Me = 0.51 Mo; + Mc =0.20 Mo 


This distribution of the total bending moment gives somewhat different 
values for the square four-way panel than those stated in Section 1004c 
of the code, which is merely one of several distributions permitted. The 
distribution used in the diagrams and tables of this paper results in a 
simpler design for the standardized proportions. Designs made in accord- 
ance with this office standard may be taken direct from Diagrams 77, 79, 
ete., in accordance with the instructions under Table 75, for all cases of 
square interior flat slab floor panels surrounded by other panels of approxi- 
mately the same size. Problem 8 shows a complete design for such a panel 
for both two-way and four-way systems. The length of bars in the various 
bands must be determined from the provisions of Sections 1007 to 1010 of 
the Joint Code. 

Where exterior panels in flat slab floors are of the same size and 
shape as the adjoining interior panels and have regular column capitals, 
the column strip or direct band lying partly in the interior panel and 
partly in the exterior panel will be the same as-for an interior panel by 
Table 75. The middle strip of a two-way system parallel to the wall will 
be the same as for an interior panel by Table 75, The column strip or 
direct band along the wall will be (proportional to its width) the same 
as a similar interior strip or band except as affected by the provisions of 
Section 1012 of the code. The top band across the direct band, and extend- 
ing from an interior to an exterior panel, and also extending between two 
exterior panels will be the same as for an interior panel by Table 75. The 
remaining design strips or bands will take the reinforcement called for by 
Table 76. The slab thickness, drop thickness, etc., will be governed by 
Table 75 and Diagrams 77, 79, 81, etc., to 91. 

For rectangular, irregular or special panels, the tables and diagrams 
are not applicable and the usual complete design process must be resorted 
to. Even for guch cases, however, the diagrams afford an excellent basis 
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for judgment in assuming slab thicknesses, etc., or in making rough 
estimates. 
PROBLEM 8. 

Design the typical square interior and exterior panels of a flat slab 
floor (@) with four-way reinforcement and (6) with two-way reinforce- 
ment, assuming 2,000-lb. concrete. The wall columns have a half regular 
column capital. Use a live load of 200 lb. per sq. ft. and the Joint Code, 
with standard steel capital forms. All panels are 21 ft. by 21 ft. c. to c. of 
columns. 

(a) Design with Four-way Reinforcement.—Solution: Diagram 77 in 
conjunction with Tables 75 and 76 give the design as follows: 

From Diagram 77 for a 21 ft. square panel: 

Side of square dropped panel = 7 ft. 4 in. 
Slab thickness for 200-lb. LL—8% in. ~* 
The column capital will be 5 ft. in diameter. 
Basic steel area for 200-lb, LL. =1.58 sq. in. 


From Table 75: 


Dropped panel thickness =(14) (834) — 44 in. 
This makes the dropped panel, 7 ft. 4 in. by 7 ft. 4 in. by 4%4 in. 
Each top band, A, = 1.58 sq. in. = 8-1 in. rd. bars. 


For the typical interior panel: 


Diagonal band—bent bars, A, = (0.67) (1.58) = 1.05 sq. in. = 6-% 
in. rd. 
Diagonal band—straight bars, A, = 1.58 sq. in. = 8-% in. rd. 
Direct band—hent bars, A, = 1.58 sq. in. = 8-¥% in. rd. 
Direct band—straight bars, 
A, =(1.22) (1.58)= 1.93 sq. in. = 10-% in. rd. 
From Table 76, for the typical exterior panel: 
Top band at and perpendicular to wall, 
A, =(0.625) (1.58)= 0.99 sq. in. = 5-% in. rd. 
Diagonal band—bent bars, 
A, =(1.13) (1.58)= 1.79 sq. in. = 9-% in. rd. 
Diagonal band—straight bars, 
A, =(0.75) (1.58)= 1.18 sq. in. = 6-% in, rd. 
Diagonal band—top bars over exterior col. head, 
A, = (0.22) (1.58) = 0.35 sq. in. = 2-% in. rd. 
Direct band, perpendicular to wall,—bent bars, 
A, =(1.67) (1.58) = 2.64 sq. in. = 14-14 in. rd. 
Direct band, perpendicular to wall,—straight bars, 
A, =(1.11) (1.58)= 1.75 sq. in. = 9-% in. rd. 


The direct band, parallel to the wall, lying partly in the interior and 


partly in the exterior panel will be the same as the direct band of a typical 
interior panel. 
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The direct band (or half band, in most cases) lying along the wall 
will be designed in accordance with Section 1012 of the code. 

(b) Design With Two-way Reinforcement.—The slab thickness, the 
dimensions of the square dropped panel and the column capital will be the 
same as for the four-way design above. The basic steel area will be 1.58 
sq. in. also. 

For the typical interior panel, from Table 75: 

Middle strip—bent bars, 

A, =(0.89) (1.58) 1.41 sq. in. = 7-% in. rd. 
Middle strip—straight bars, 

A, = 1.58 sq. in. = 8-¥% in. rd. 
Column strip—bent bars, 

A, =(1.56) (1.58) = 2.46 sq. in. = 13-% in. rd. 
Column strip—straight bars, 

A, =(0.78) (1.58) = 1.23 sq. in. = 6-¥% in. rd. 
Column strip—added over col. head, 

A, =(0.36) (1.58) = 0.57 sq. in. = 3-% in, rd. 

For the typical exterior panel, from Table 76: 

Middle strip, perpendicular to wall, bent bars, 

A, == (1510) s (G58) = 1 65sq. inj— 9-14 “ins rd. 
Middle strip, perpendicular to wall, straight bars, 

A, == (2h ed8 =a edie Sqn. — 9-45 on. rd. 
Column strip, perpendicular to wall, bent bars, 

A, =(1.95) (1.58)= 3.08 sq. in. = 16-% in. rd. 
Column strip, perpendicular to wall, straight bars, 

A, =(0.98) (1.58)=— 1.54 sq. in. = 8-% in. rd. 
Column strip, perpendicular to wall, bars in top 
over exterior column head, 

A, =(1.18) (1.58)<= 1.86 sq. in. = 9-1 in. rd. 


s 
The intermediate strip parallel to the wall will have the same bars as 


an intermediate strip in an interior panel. 

The column strip lying partly in the interior and partly in the exterior 
panel will be the same as the column strip of an interior panel. 

The column strip lying along the wall will be designed in accordance 
with Section 1012 of the code. 

(c) Length of Bars.—For either four-way or two-way reinforcement 
the points of bending, etc., and the points of termination of bars will be as 
given in Sections 1007 to 1010 of the code, 

Long Columns.—The upper portion of Diagram 93 gives the ratio of 
the radius of gyration of a circular core with not over 6 per cent vertical 
reinforcement to the core diameter. The lower portion of Diagram 93 gives 
the proportionate load-carrying capacity of columns in which h/R exceeds 
40 or 50 in accordance with formula (26) or (26a) of the code. The upper 
portion of Diagram 93 is based on the approximation that the effective 
diameter for the ring of longitudinal bars will be 0.9 of the core diameter. 
This will not apply to columns having the bars arranged in two rings or 
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to very small or very large columns. Such cases require that the value of 
R be computed. 

Spiral Columns.—In spiral column design, having assumed a core di- 
ameter, the area of the spiral core is taken from Table 105 and the weight 
of the corresponding column is added to the applied load to secure the total 
design load on the column. Table 106 gives the volumes of square and round 
column shafts and column capitals. Compute the value of P/A and enter 
Diagram 94, or 95 to 98, according to the strength of concrete used in the 
design. Lay the edge of a triangle from the value of P/A on the left scale 
to the core diameter on the right scale and read off the spiral rod and 
pitch on the left center scale and the number and size of verticals on the 
right center scale, completing the design in a single operation. The per- 
centage of spiral in Diagrams 94 to 98 is always one-fourth of the per- 
centage of verticals as required in the code. Problem 9 shows the complete 
design of a spiral column by this brief method. The provisions of Sec- 
tion 1103 of the Joint Code regarding minimum requirements must be met. 


PROBLEM 9. 

Design an axially loaded reinforced-concrete column for a load of 
1,100,000 1b., including assumed column weight, using 3,000-lb. concrete 
and the spiral type of column reinforcement, in accordance with the Joint 
Code. The unsupported length is 11 feet. 

Solution: Assume 36-in. round column with a 32-in. diameter core 
section. The core area from Table 105 is 804.2 sq. in. 

1,100,000 
PA = = 1.308 Ib: pereaquiny 
804.2 
From Diagram 96, using a straight edge set to 1,368 on the left scale 
and 32 on the right scale, we read on the center scales 
Vertical bars = 18 — 114 in. sq. 
Spiral = ¥% in. rd. at 2% in. pitch. 
132 
66 
small as not to require consideration in connection with Section 1108 of 
the code. 

Tied Columns.—Diagram 100 is the usual design diagram for tied col- 
umns, using the Joint Code. In the usual design procedure, a column size 
is assumed, the area of which may be taken from Table 107 for ordinary 
round columns or cylindrical piers, the weight of the corresponding column 
is added to the applied load and from the value of P/A the proper per- 
centage of vertical reinforcement is read from Diagram 100 for the concrete 
strength used in the design. The area of vertical rods required will be p 
times the column area and the corresponding bars may be computed from 
Table 2 with code limitations observed. ‘The design is completed by the 
selection of ties to meet the code requirements, Section 1104. Problem 10 
shows the complete design of a tied column, 


The ratio of unsupported length to core diameter ( —3 7) is 80 
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PROBLEM 10, 


Design an axially loaded reinforced-concrete column for a load of 
300,000 lb., including assumed column weight, using 2,000-lb. concrete and 
tied longitudinal bars, in accordance with the Joint Code. The unsup- 
ported length is 9 feet. 

Solution: Assume a column 24-in. square. The area will be (24) (24) 

300,000 
= 576 sq. in. and the unit load will be P/A = ————— = 820 lb. per sq. in. 
576 

From Diagram 100 for P/A = 520 and 2,000-Ib. concrete the value of 
p is 0.011. 

A, =(0.011) (576) = 6.34 sq. in. = 8 — 1 in. rd. bars, 


From Section 1104 of the code, the ties will be 14 in. rd. spaced 12 in. 
o. ec. and so arranged as to provide ties in two directions for the four bars 
at the middle of the sides of the column as well as for the four bars at 
the corners. The ties will be bent so as to keep the longitudinal bars 
2 in. in the clear from the column surface at all points. 

Composite and Combination Columns.—The design of composite and 
combination columns in accordance with Sections 1106 and 1107 of the code 
would require four additional diagrams. Space limitations of this paper 
indicate that diagrams so infrequently used should be omitted. The plot- 
ting data for these diagrams are as follows: 


Composite Columns Combination 


Columns 
Unit Stress on Reinforced Concrete Section with | Unit Stress on Metal Core 
Value of p 1% Spiral Reinforcement and f’c = under Construction Loads 
As Increase 
Struc- A in Stress 
2000 2500 3000 3750 5000 h/R tural oe 
Steel ron 
O022 eat 640 763 886 1067 1375 60 15000 8400 | 0.1 0.090 
0026 AG. a 675 798 920 1100 1437 80 13280 7200 | 0.2 0.040 
O08 ates 710 832 954 1133 1500 100 11580 6000 | 0.3 0.023 
O35 sect 745 866 987 1166 1562 120 10000 4800 | 0.4 0.015 
(Ny sees 780 900 1021 1200 1625 140 8620 3600 | 0.5 0.010 


Spread Footings.—The Joint Code properly leaves the designer consid- 
erable latitude in the design of concrete footings resting directly on the soil. 
A standardization of proportions, putting all horizontal dimensions in 
terms of b, the dimension of the side of a square footing, and all vertical 
dimensions in terms of d, the effective depth, greatly simplifies the formulas 
and expedites the design. Fig. 16 shows the standard proportions adopted 
for flat-top footings and Fig. 17 those for sloping-top footings. With these 
constant ratios, the various design requirements can all be expressed 1n 
terms of w, the soil load (neglecting the footing weight which is carried 
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directly to the soil without shear or moment, but which must be used in 
computing the area of the footing), 6 and d. The bending moment at a 
section in the plane of the face of the pier is found by formula (126). 


MOG POs oa. peste wee atie a de eee eee (126) 
in which 
M is in inch-pounds 
P is the load in pounds at the top of the footing 
b is the side of the base of the square footing in feet. 


For flat-top square footings the value of d/b is found by solving for- 
mula (127) (answer read directly from Diagram 108). 


w 126 (+) (s¢ +1) 
Bes 6 2S ip oes ore (127) 
ae 1-(24 ae 25) : 


For sloping-top square footings the value of d/b is found by solving 
formula (128) (answer read directly from Diagram 108). 


ge d l d 
oe ee 
Fate 


In these formulas v, may be taken at 0.02f’ or 0.03f’ depending on 
the anchorage of the footing reinforcement. Diagrams 113, 114, ete., which 
follow are all based on v, = 0.03f" . with all footing bars hooked, but Dia- 
gram 108 is perfectly general and applies to any value of v.. 

When using the standard proportions of Fig. 16 or Fig. 17 it is not 
necessary to compute the bending moment, since the proportions are se- 
lected to give concrete stresses at or just under the permitted values. The 
area of steel in each of two directions may be computed directly from for- 
mula (129). 


The value of d/b is known from Diagram 108. To complete the design 
it is only necessary to select the number and size of bars to make up the 
required A , safeguarding the bond stress by not exceeding the size of bar 
indicated by Diagram 109. If the bar size, D, is taken as not larger 
than the value by formula (130) the bond stress will be satisfactory. 


D'=O;000042 7500p tee hej ta en enn nant te ange ene PASO!) 


For deformed bars with hooked ends as specified in Section 903 of the 
code formula (130) reduces to D = 0.00646 for 2,000-Ib. concrete, and to 
D = 0.00966 for 3,000-Ib. concrete. Diagram 109 gives the maximum allow- 
able bar size for any given value of b by formula (130). These formulas 
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and the values from Diagram 109 apply to both flat-top and sloping-top 
footings. In flat-top footings the bond unit stress decreases rapidly at 
sections away from the face of the pier. In sloping-top footings of the 
proportions used here, the bond unit stress remains almost constant to a 
point on and near the top of the slope and then decreases to the edge. 
Hooked bars are required. 

In making a design for a fixed soil pressure which includes the weight 
of the footing it is necessary to determine the weight per sq. ft. of the 
footing. For flat-top footings this is given by formula (131). 


WEVA S UDO mae coors eatcrr teen ine oe eee (131) 
For sloping-top footings it is given by formula (132). 
eT EDEN END Ne Lactenhe ae aol No oko Sr the (132) 


In (131) and (132) the term 50 is the weight of the four inches of 
concrete beneath the centroid of the reinforcing steel. 
The volume of concrete in sloping-top footings will be given very 
closely by formula (133). 
Weolhbeane ce (OMe SEA Ee ae hak elena dau Gun (133) 


where d is in inches, b is in feet and the volume is in cu. ft. 

The minimum edge thickness of sloped-top footings is ten inches by 
the code. If d is less than 24 in. (28 in. total thickness) the weight of 
footing and volume of concrete in sloped-top footings will be increased. 
The quantity diagrams include this increase, but formulas (132) and (133) 
require adjustment for this case. 

The depth of a footing of any fixed proportions depends primarily on 
the superimposed load and is almost independent of the soil pressure used. 
Diagram 111 gives the depth of footings of the types shown in Fig. 16 and 
Fig. 17 for 6,000-Ib. soil and the depth for any other usual soil pressure 
will be within a few per cent of these values for the same load. In general 
other soil pressures will give slightly less depths. 6,000-lb. soil appears 
to give the maximum depth within the range of soil pressure usually used 
under spread footings. Selections from Diagram 111 will not need to be 
checked for diagonal tension or shear, except to determine a possible slight 
saving in depth. 

Diagrams 112, 114 to 126 are design graphs for sloping-top footings 
for soil pressures of 3,000, 4,000, 5,000 and 6,000-lb. per sq. ft. Each dia- 
gram gives values for two strengths of concrete. Similarly, Diagrams 
128, 130 to 142 cover the design for flat-top footings for the same soil 
pressures and concrete strengths. These diagrams allow accurately for the 
footing weights and give the indicated soil pressure when subjected to the 
axial load shown in the diagrams. Enter the diagrams at the top with 
the total applied load at the top of the footing (the basement column load 
plus the assumed weight of the pier) and drop vertically reading off the 
value of b, of t (the total footing depth) and of A, in succession. Com- 
plete the design by computing the other dimensions of the footings from 
b and d, in accordance with Fig. 16 or Fig. 17 and by selecting the number 
and size of bars to make up the required A,, using bars not larger than 
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indicated by Diagram 109. Problem 11 shows the complete design of a 
square footing of the flat-top type for the same basement story column load 
used in Problem 9. In Problem 12 the design of the top of the pier for the 
safe transfer of the load without exceeding Joint Code stresses is shown, 
using Diagram 110 for a rapid solution of formula (109) of the code. 
Quantity Diagrams for Footings.—Facing each design diagram, a dia- 
gram giving the quantities of concrete, formwork and reinforcing steel for 
single footings is given. The basis and use of these diagrams is described 
more fully on page 566, which should be consulted. 


PROBLEM 11. 

Design a flat-top square spread footing for the column given in Prob- 
lem 9, using a 3,000-lb. concrete in the footing and designing for a 4,000-lb. 
per sq. ft. soil pressure. 

Solution: Enter Diagram 130 at the top with the load of 1,100,000 lb. 
Drop vertically and read off the dimension of the side of the square foot- 
ing at the upper index line for 3,000-lb. concrete as 17 ft. 6 in. Continue 
vertically down to the middle index line for 3,000-lb. concrete and read off 
the depth as 2914 in. The footing will be 17 ft. 6 in. by 17 ft. 6 ‘n. by 
2 ft. 6 in. 

Continue vertically downward to the lower index line for 3,000-lb. 
concrete and read off the steel area as 26.0 sq. in. in each of two directions. 
From Diagram 109 the maximum bar size for a 17 ft. 6 in. footing using 
3,000-lb. concrete is not limited. Use 21—1% in. sq. bars in each direc- 
tion. The length of each bar including the hooks at each end will be: 

(17 ft. 6 in.) -+[ (20) (14%) ]=19 ft. 5 in. as a minimum. 

From Fig. 17 the side of the square pier will be 

(0.25) (17 ft. 6 in.) = 4 ft. 4% in. 

The height of the pier, for a 36-in. column as designed in Problem 10, 
will be: 

(4 ft. 4% in.)-—(3 ft. 0 in.)=— 1 ft. 4% in. (minimum). 
PROBLEM 12, 

Design the top of the pier in Problem 11 for the transfer of the load 
from the column of Problem 10 to the pier, in accordance with the Joint 
Code. 

Solution: Section 1205 of the code applies: 

A = Area of top of pier = (52.5) (52.5) = 2,756 sq. in. 

A’ = Area of 32-in. round column = 804 sq. in. 


' 2756 
AA = 248 
804 
1,100,000 
rq at the base of the column —-—H¥-H+1— — 1368, 
804 


Enter Diagram 110, upper portion, with A/A’ — 3.43 and move across 
to r, = 1,368. 3,750-lb. concrete is required, without spiral reinforcement, 
in the pier. 
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TasBLE 1.—Minrwum Bram Wiptus (in INcHEs) 


Number of Bars in Single Layer of Reinforcing Add 
Size of Bars for each 
| Added 
2 | 3 4 5 6 7 8 Bar 
| 
A. Orpryary Construction—Enp or Bars Nor Sprciatty ANCHORED 
PEGS TOUR ye Fens hen es or 4 5% it ana Nise Opie as 1% 
POAN. BQUATO sien. «ioj <e's'elar ie 44 6 74 atk nteeat meee apee 13% 
DEAD TOUNG ste tereiaure ceretanek 414 5% 71% 9% 1034 Senn Sook 1% 
SAN ATOUNGS:: hiateis sais len wes 454 6% 83% 104% 124% sth Near 1% 
%in. round... |... Bins | 714 | 9th | 1156 | 13% /6) 16 | iste | 25/5 
DFIMUTOUN Cecio a. srelsaterets 5% 8 104% 13 154% 18 20% 24% 
MIME SGUSTO ernie oie e/aferale 6 9 12 15 18 21 24 3 
APG iM BQUATO se le ale meets oer 64% 9% 1314 1654 20 2334 2634 334 
12G0M. BAUSTE sss elstis eee 7 1034 144% 1844 22 2534 2914 334 


B. Orprnary Construction—Enp or Bars Sprcratty ANCHORED 


Y in. 4 54% i nee nar bila Mess 1% 
Vin. 44% 6 734 ek cee hated Sort 134 
3 in. 44 5% V4 9 1034 RANG ohies 1% 
34 in 414 614 8 934 114 Saat iter 134 
% in. 434 6% 84 1034 124% 144% 16 1% 
Lin..round................ 5 7 9 ll 13 15 17 2 
Pri gquare os.ehtociecc isis > 54% 8 10% 13 154% 18 20% 24 
Pe iitivaquareccien ciel clase nae 5 5/46 8% 119/16 143% 173/16 20 22 13:46 213/16 
Tin ssquare Seni aie 63% 944 125% 1534 18% 22 25% 3% 


InstRucTIoNs For Usr.—This table shows the minimum width of beam stem, without stirrups, in which 
the longitudinal bars are covered by one inch of concrete and are spaced as follows: 

For round bars not specially anchored, 214 bar diameters between centers. 

For square bars not specially anchored, 3 times the side dimension between centers. 

For round bars with special anchorage, 2 bar diameters between centers. 

For square bars with special anchorage, 214 times the side dimensions between centers. 

To the widths shown in the table additions must be made as follows: 

1. Add the width of any stirrup legs placed between the longitudinal bars and the sides of the beam. 

2. Add 1 in. for fire resistive construction or 2 in. for special exposure or spalling aggregates. 

3 Add extra width as required, in case aggregate exceeds 34 in. in size, to insure a clear space between 
bars of not less than 114 times the maximum size of the coarse aggregate. 

For more bars of any size than covered by the table or for bars of a different size, add the dimension given 
in the last column for each such extra bar. (See 1928 Joint Code, Sections 504, 506, and 903 ) 


576 DESIGN AND Cost Data FOR THE BuILDING CODE. 


TaBLE 2.—ARBEAS, PERIMETERS AND WEIGHTS OF PLAIN Bars 


Sizes of Plain Bars 


Number of 
Bars 


Yin. | %in. | Win. | Yin.| 4%in. | 34in. | Bin. | lin. | lin. | 1Kin. | 1Yin. 


round | round | round | square] round | round | round | round | square] square | square 
A| 0.0491] 0.1104} 0.1963] 0.250) 0.3068] 0.4418] 0.6013] 0.7854] 1.00 | 1.2656] 1.5625 
Lear o| 0.785 | 1.178 | 1.571 | 2.000} 1.964 | 2.356 | 2.749 | 3.142 | 4.00 | 4.500 | 5.000 
W| 0.167 | 0.375 | 0.668 |-0.850) 1.043 | 1.502 | 2.044 | 2.670 | 3.40 | 4.303 | 5.313 
(=A]0.10 | 0.22 | 0.39 | 0.50 | 0.61 | 0.88 | 1.20 | 1.57 | 2.00 | 2.53 | 3.12 
Deere Zo | 1.57 | 2.386 | 3.14 | 4.00.) 3.98 | 4:71 | 5.50 | 6.28 | $00] 9:00: |10200 
| DW] 0.338 | 0.75 | 1.84 | 1.70 | 2.09 | 3.00 | 4.09 | 5.384 | 6.80} 8.61 110.63 
ZA] 0.15 | 0.33 | 0.59 | 0.75 | 0.92 | 1.33 | 1.80 | 2.36 | 3.00 | 3.80 | 4.69 
Bisco Yo | 2.36 | 3.53 | 4.71 | 6.00 | 5.89 | 7.07 | 8.25 | 9.42 |12.00 ]13.50 115.00 
2W) 0.50 | 1.12 | 2.00 | 2.55 | 3.18 | 4.51 | 6.13 | 8.01 110.20 |12.91 |15.94 
ZA} 0.20 | 0.44 | 0.78 | 1.00} 1.23 | 1.77 | 2.41 | 3.14 | 4.00 | 5.06 | 6.25 
Ceo ee Zo | 3.14 | 4.71 | 6.28 | 8.00 | 7.86} 9.42 {11.00 |12.57 |16.00 }18.00 |20.00 
DW] 0.67 | 1.50 | 2.67 | 3.40 | 4.17 | 6.01 | 8.18 |10.68 13.60 17.21 |21.25 
Area of 12 
Bars asa: 0.59 | 1.32 | 2.86 | 3.00 | 3.68 | 5.30 | 7.22 | 9.41 |12.00 |15.18 |:8.75 


Instructions ror Use.—This table is based on the properties of plain round or plain square and may be 
used in design for areas and perimeters of deformed bars. For weights of deformed bars manufacturers’ tables 
should be consulted. 

Cross sectional areas (A or DA) of bars are given in sq. in. 

Perimeters (0 or Do) are given in inches. 

Weights (W or 2 W) are given in lb. per foot of length. 

The last line gives values of 12a; for use in the formula: 

9 
Spacing of bars in slab (in inches) = oes. 
in which 12as = cross sectional area of 12 slab bars of size used. 
As = cross sectional area per foot width of slab required. 

Areas, perimeters and weights of groups of more than four bars may be easily obtained from the table by 

simple additions or multiplications. 


Drstcn VALUES OF p AND K For fs = 20,000 
TABLE 3.—RECTANGULAR Beams. fe = 0.40 f’c 


2000-lb. 2500-Ib. 3000-Ib. 3750-lb. 
Concrete Conerete Concrete Concrete 
n= 15 n= 12 n= 10 n=8 
tc = 800 fe = 1000 tc = 1200 tc = 1500 
p = 0.0075 p = 0.0094 p = 0.0112 p = 0.0140 
K =) 181 K= 164 K= 197 K= 246 


k = 0.375 for all of the above cases. 


Instructions ror Use.—The value of fc is 0.4 f’c and is the compressive stress to be used in flexure 
calculations, except for the special case covered by Table 4. (See also general note under Table 5.) 
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Drsien VaLuESs or p AND K For fs = 20,000 
TaBLE 4.—RecranauuaR Beams. fe = 0.45f’c 


2000-lb. 2500-Ib. 3000-lb. 3750-lb. 
Concrete . Concrete Concrete Concrete 
n=15 n= 12 n=10 n=8 
te = 900 fe = 1125 to = 1350 c = 1688 
p = 0.0091 p = 0.0113 p = 0.0136 = 0.0170 
Ki 157 K= 196 K= 235 Kk = 294 


k = 0.403 for all of the above cases. 


Instructions For Usu.—The value of fe is 0.45 f’c and its use is limited to designs for flexure adjacent 
to supports of continuous or fixed beams or of rigid frames. (See also general note under Table 5.) 


Desian VALUES OF p AND K ror fs = 20,000 
Tasie 5.—T-Brams. f, = 0.40 f'. 


2000-lb. 2500-lb. 3000-lb. 3750-lb. 
Concrete Concrete Concrete Concrete 
n = 15 n= 12 n= 10 n=8 
tc = 800 fo = 1000 Je = 1200 fe = 1500 
a8 

d Dp K D K p K Dp K 
O04 ars. s tae ate 0.0015 30 0.0019 37 0.0023 45 0.0028 56 
O06 ns Sacks 0.0022 43 0.0028 54 0.0033 64 0.0041 80 
O;O8ssheictae gate 0.0029 55 0.0036 69 0.0048 82 0.0054 103 
OULO SA fe share iter 0.0035 66 0.0043 83 0.0052 99 0.0065 124 
bt be 0.0040 76 0.0050 95 0.0061 114 0.0076 143 
OTE acta kare ate 0.0046 85 0.0057 107 0.0068 128 0.0085 160 
O1Gss.£. Poker 0.0050 93 0.0063 117 0.0076 140 0.0094 175 
OTB aihis cis tats 0.0055 101 0.0068 126 0.0082 151 0.0103 189 
20 ele d ccais vt 0.0059 107 0.0073 134 0.0088 161 0.0110 201 
Os2ainpeaae ase. 0.0062 113 0.0078 141 0.0093 169 0.0117 211 
QR A in renre are ote 0.0065 117 0.0082 147 0.0098 176 0.0122 220 
OE26 nak sect as. be 0.0068 121 0.0085 152 0.0102 182 0.0127 228 
eae. gfe ake af 0.0070 125 0.0088. 156 0.0105 187 0.0132 234 
OVO eRe tipi 0.0072 128 0.0090 160 0.0108 192 0.0135 240 
Que eter ast ake oe 0.0073 129 0.0092 161 0.0110 194 0.0138 242 
SBOE Bice reieicwic 0.0074 130 0.0093 163 0.0112 196 0.0139 245 
Oa Gu cae rosiaree 0.0075 131 0.0094 164 0.0112 197 0.0140 246 
i= OP 87 Beat tert 0.0075 131 0.0094 164 0.0113 197 0.0140 246 


k = 0.375 for all of the above cases. 
InsTRUCTIONS For Usn.—The compressive stress in the stem of the beam, between the neutral axis and 
the lower face of the flange is not made use of in the table. Where many T-beams are involved having small 
values of t/d and wide stems, this additional strength may be taken in account in design. 


GmnerAL Note For Tasies 3-19 INCLUSIVE 
The resisting moment of a beam with balanced reinforcement is equal to Kbd?. The area of the tensile 
reinforcement is equal to pbd. The area of the compressive reinforcement, where used, is equal to p’bd. 
A beam with balanced reinforcement is one in which the full tensile and compressive unit stresses shown in 
the tables are developed. For steps to be taken in design of beams consult text. 
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Design VALUES OF p AND K For fs = 20,000 
Diagram 6.—ReEcTANGULAR BEAMS. f; VARIES 


VERO VEO SCORES: On geri aD. 


S 
D 


CO Z 


24/00 
-004 ,006 .008 .010 .0/2 .0/4.006 .008 .O/O .0/2 .O/F .Of6 .O/8 


VS rae NCL CMS Chiral ye) 


Instructions For Use.—Use this diagram to determine the actual concrete stress (which is less than the 
maximum allowable value with balanced reinforcement), when the steel area has been determined by formula 
(103b) as described on page 542. Determine the value of K by formula (104), page 546, and read off the con- 
crete stress at the intersection of a horizontal line through the value of K with the sloping scale of stresses. 
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Design VALUES OF p AND K ror fs = 20,000 
Dracram 7.—TrEr Brams. fe VARIES 


Vo/sues of ¢ 


0.1/0 _ O/5 0.20 0.25 030 O35 0/0 O5 020 025 030 O35 


0/0 O18 hk TE 0.30 035 0/0 O/5 iw Coe 355 0.35 


VEGF UONS: or £ 


INSTRUCTIONS FoR Use.—Use this diagram to determine the actual stress (which is less than the maximum 
allowable value with balanced reinforcement), when the steel area has been determined by formula (103b) as 
described on page 542. Determine the value of K by formula (104), page 546, and the value of t/d from 
the known slab thickness and assumed beam depth. Read off the concrete stress between the curved scales at 
the intersection of a vertical line through the value of t/d with a horizontal line through the value of K. 
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Dzsign VALUES OF p AND K For fs = 20,000 


TaBLE 8.—RECTANGULAR BEAMS WITH CoMPRESSIVE REINFORCEMENT. 
fe = 0.40f’c 


DESIGN AND Cost DaTA FOR THE BUILDING CODE. 


2000-lb. Concrete n=15 fe =800 


p’ d'/d = 0.02 d’/d = 0.04 d’/d = 0.06 d'/d = 0.08 d'/d = 0.10 

D K D K D K D K v7) K 

0.0086 152 0.0085 150 0.0084 149 0.0084 147 0.0083 146 

0.0096 173 0.0095 169 0.0094 166 0.9093 163 0.0092 161 

0.0107 | 193 | 0.0105 | 189 | 0.0103 | 184 | 0.0101 | 180 | 0.0100 | 175 

0.0117 214 0.0115 208 0.0113 202 0.0110 196 0.0108 180 

0.0128 | 235 | 0.0125 | 227 | 0.0122 }~219 | 0.0119 | 212 | 0.0116 | 205 

0.0139 256 0.0135 246 0.0131 287 0.0128 228 0.0124 220 

0.0149 276 0.0145 265 0.0141 255 0.0137 244 0.0132 234 

0.0160 297 0.0155 285 0.0150 272 0.0145 261 0.0141 249 

0.0170 318 0.0165 304 0.0160 290 0.0154 277 0.0149 264 

0.0181 | 3839 | 0.0175 | 323 | 0.0169 | 308 | 0.0163 | 293 | 0.0157 | 279 

0.0192 | 360 | 0.0185 | 342 | 0.0178 | 325 | 0.0172 309 | 0.0165 | 204 

0.0202 | 380 | 0.0195 | 361 | 0.0188 | 343 | 0.0181 | 325 | 0.0174} 308 

0.0213 | 401 | 0.0205 | 381 | 0.0197] 361 | 0.0189 | 342 | 0.0182 | 323 

0.0223 | 422 | 0.0215 | 400 | 0.0207 379 | 0.0198 | 358 | 0.0190 | 338 

0.0234 | 442 | 0.0225 | 419 | 6.0216 | 396 | 0.0207 | 374 | 0.0198 | 353 

d'/d =0.12 d’/d = 0.14 d’/d = 0.16 d'/d = 0.18 d’/d = 0.20 
p 

7) K D K » K D K p | K 

144 0.0082 143 0.0081 142 0.0081 141 0.0080 139 

158 0.0089 155 0.0088 153 0.0087 150 0.0085 148 

171 0.0096 167 0.0094 163 0.0092 160 0.0091 156 

185 0.0108 179 0.0101 174 0.0098 169 0.0096 164 

198 0.0110 191 0.0107 185 0.0104 179 0.0101 173 

211 0.0117 203 0.0113 196 0.0110 188 0.0106 181 

225 0.0124 216 0.0120 207 0.0116 198 0.0112 190 

238 0.0131 228 0.0126 PAW, 0.0122 207 0.0117 198 

252 0.0138 240 0.0133 228 | 0.0127 217 0.0122 206 

265 0.0145 252 0.0139 239 0.0133 226 0.0127 215 

278 | 0.0152 | 264 | 0.0145 | 250 | 0.0189 | 236 | 0.0132 | 293 

292 0.0159 276 0.0152 261 0.0145 246 0.0138 231 

305 0.0166 288 0.0158 271 0.0151 255 0.0143 240 

319 | 0.0173 | 300 | 0.0165 | 282 | 0.0157 | 265 | 0.0148] 248 

332 | 0.0180 | 312 | 0.0171 | 293 | 0.0162 | 274 | 0.0153 | 256 


Instructions For Uss.—This table is to be used in beams and sl 
compressive reinforcement, except for the special case covered by 


Table 5.) 


abs made of 2000-lb. concrete and having 
Table 9. (See also general note under 
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a 
Drsien VaLuES oF p AND K ror fs = 20,000 
TABLE 9.—RECTANGULAR BEAMS WITH COMPRESSIVE REINFORCEMENT. 


fe = 0.45f"c 
2000-lb. Conerete n= 15 fe = 900 

p d'/d = 0.02 d’/d = 0.04 d'/d = 0.06 d’'/d = 0.08. d'/d = 0.10 

Dp K 1) K p K D K D K 

OOO cae taine 0.0103 180 0.0102 179 0.0102 177 0.0101 176 0.0100 174 
OLO0d SI Aas. : 0.0115 204 0.0114 200 0.0112 197 0.0111 194 0.0110 191 
OFQ06 AR A ha nk 0.0127 227 0.0125 222 0.0123 218 0.0121 213 0.0119 208 
OHOOS Sera tenes 0.0139 251 0.0136 244 9.0134 238 | 0.0131 231 0.0129 225 
OROWO Mi eernche 0.0151 274 | 0.0148 266 | 0.0145 258 | 0.0141 250 | 0.0138 | 242 
OXOT2 Pes asin: 0.0163 298 0.0159 288 0.0155 278 0.0151 268 0.0148 259 
OLOUA ch cirhe 0.0175 | 321 0.0170 | 310 0.0166 | 298 0.0161 287 0.0157 276 
OROUBe iccineeuee 0.0187 345 0.0181 331 0.0177 319 0.0172 306 0.0167 293 
OTS 2b hen.8 0.0199 368 0.0193 353 0.0188 339 0.0182 324 0.0176 310 
02020 eek sei. | OL OZDL 392 | 0.0204 375 6.0198 359 0.0192 343 0.0186 | 328 
ORO 22 5 cs anck 0.0223 415 0.0215 | 397 0.0209 | 379 0.0202 361 0.0195 | 345 
RL CR ne 0.0235 438 0.0226 419 0.0219 399 0.0212 380 0.0205 362 
OLG26 Xo ieaes 0.0247 462 0.0238 440 0.0230 419 0.0222 398 0.0214 379 
Le 0.0259 485 0.0249 462 0.0241 439 0.0232 417 0.0224 396 
ONOSO MS ao. c. 0.0271 509 0.0261 484 0.0252 459 0.0242 436 | 0.0233 413 


d’/d = 0.12 d’/d = 0.14 d’/d = 0.16 d'/d = 0.18 d’/d = 0.20 


InstrucTIONS ror Use.—This table is to be used only at sections adjacent to the supports of continuous 
or fixed beams or of rigid frames, made of 2000-Ib. concrete and having compressive reinforcement. (See 


also general note under Table 5.) 


EE al 
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Desian VaLuns oF p AND K For fs = 20,000 


TaBLe 10.—RecrancuLar Beams with CoMPRESSIVE REINFORCEMENT. 
te = 0.40f’c 


2500-lb. Concrete n= 12 fe = 1000 


p d’/d = 0.02 d’/d = 0.04 d’/d = 0.06 d’/d = 0.08 d’/d = 0.10 

p K D K p K p K p K 

185 0.0104 183 0.0103 181 0.0103 180 0.0102 179 

205 | 0.0114 | 202 | 0.0112 | 199 | 0.0111 | 196 | 0.0110] 193 

225 | 0.0123 | 221 | 0.0122 | 216 | 0.0120} 212 | 0.0118 | 208 

246 0.0133 239 0.0131 234 0.0129 228 0.0126 222 

266 0.0143 258 0.0140 251 0.0137 244 0.0134 237 

286 0.0153 277 0.0149 268 0.0146 260 0.0142 251 

307 0.0163 296 0.0159 286 0.0155 275 0.0150 266 

327 | 0.0172 | 314 | 0.0168 | 303 | 0.0163 | 291 | 0.0159 | 280 

348 0.0182 334 0.0177 321 0.0172 307 0.0167 295 

368 0.0192 352 0.0186 338 0.0181 323 0.0175 309 

388 0.0202 871 0.0196 355 0.0189 339 0.0183 324 

408 0.0212 390 0.0205 373 0.0198 355 0.0191 338 

429 0.0221 409 0.0214 390 0.0207 371 0.0199 353 

449 | 0.0231 428 0.0223 408 0.0215 387 0.0207 367 

470 0.0241 447 0.0233 425 0.0224 403 0.0215 382 

d’/d = 0.12 d'/d = 0.14 d’'/d = 0.16 d’/d = 0.18 d’/d = 0.20 
p 

p K p K p K p K D K 

0.0101 177 0.0101 176 0.0100 175 0.0100 173 0.0099 172 

0.0109 190 0.0108 188 0.0107 185 0.0105 183 0.0104 180 

0.0116 | 203 0.0115 200 0.0113 196 | 0.0111 192 0.0109 189 

0.0124 217 0.0122 211 0.0119 206 0.0117 201 0.0115 197 

0.0131 230 0.0128 223 0.0126 217 0.0123 211 0.0120 205 

0.0139 243 0.0185 235 0.0132 227 0.0128 220 0.0125 213 

0.0146 256 0.0142 247 | 0.0138 238 0.0134 230 0.0130 221 

0.0154 269 0.0149 259 0.0144 249 0.0140 239 0.0135 230 

0.0161 | 283 | 0.0156 | 271 | 0.0151] 259 | 0.0145} 248 | 0.0140] 9238 

0.0169 295 0.0163 283 0.0157 270 0.0151 258 0.0145 246 

0.0176 309 0.0170 295 0.0163 281 0.0157 267 0.0150 254 

0.0184 322 0.0177 306 0.0170 291 0.0163 276 | 0.0156 | 263 

0.0191 335 | 0.0184 318 0.0176 302 0.0168 285 0.0161 271 

0.0199 349 0.0191 330 | 0.0182 312 0.0174 295 0.0166 | 279 

0.0206 | 362 0.0197 342 0.0189 | 323 0.0180 304 0.0171 287 


_Instructions ror Usn.—This table is to be used in beam 
having compressive reinforcement, except fo 
under Table 5.) 


r the special case covered by Table 11. 


s and slabs made of 2500-lb. concrete and 
(See also general note 
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Design VALUES OF p AND K For fs = 20,000 


TABLE 11.—RecTANGULAR BEAMS WITH CoMPRESSIVE REINFORCEMENT. 
fe = 0.45f’c 


2500-Ib. Concrete n= 12 fe = 1125 


p’ d’/d = 0.02 d’/d = 0.04 d’/d = 0.06 d’'/d = 0.08 d’/d = 0.10 
Dp K p K p K D K D K 
219 0.0124 217 0.0124 216 0.0123 214 0.0122 213 

242 0.0135 238 0.0134 236 0.0133 232 0.0132 229 

265 0.0146 260 0.0145 255 0.0143 251 0.0141 246 

288 0.0158 282 0.0155 275 0.0153 269 0.0150 263 

311 0.0169 303 0.0166 295 0.0163 287 0.0160 | 280 

334 0.0180 324 0.0176 315 0.0172 805 0.0169 296 

357 0.0191 346 0.0187 335 0.0182 324 0.0178 313 

380 0.0202 367 0.0197 354 0.0192 342 0.0187 330 

403 0.0213 389 0.0208 374 0.0202 360 0.0197 347 

426 0.0224 410 0.0218 394 0.0212 378 0.0206 | 363 

450 0.0236 431 0.0229 414 0.0222 397 0.0215 380 

473 0.0247 452 0.0239 434 0.0232 415 0.0225 397 

496 0.0258 474 0.0250 453 0.0242 433 0.0234 414 

519 0.0269 496 0.0260 473 0.0252 451 0.0243 430 

542 0.0280 517 0.0271 493 0.0262 470 0.0253 447 


d'/d = 0.12 d’/d = 0.14 d’/d = 0.16 d’/d = 0.18 d'/d = 0.20 


Dp K D K D K p K D K 


211 | 0.0121 | 210 | 0.0120 | 209 | 0.0120 | 207 | 0.0119 | 206 
227 | 0.0129 | 224 | 0.0128 | 221 | 0.0127 | 218 | 0.0125 | 216 
242 | 0.0137 | 238 | 0.0185 | 234 | 0.0183 | 230 | 0.01382 | 226 
257 | 0.0145 | 252 | 0.0143 | 246 | 0.0140 | 241 | 0.0188 | 236 
272 | 0.0153 | 265 | 0.0150 | 259 | 0.0147 | 252 | 0.0144 | 246 


288 | 0.0161 | 279 | 0.0157 | 271 | 0.0154 | 263 | 0.0150 | 256 
303 | 0.0169 | 293 | 0.0165 | 284 | 0.0161 | 275 | 0.0157 | 266 
318 | 0.0178 | 307 | 0.0172 | 296 | 0.0167 | 286 | 0.0163 | 276 
334 | 0.0186 | 321 | 0.0180 | 309 | 0.0174 | 297 | 0.0169 | 286 
349 | 0.0194 | 335 | 0.0187 | 321 | 0.0181 | 308 | 0.0175 | 296 


Ope deacanee 0.0208 | 364 | 0.0202 | 349 | 0.0194 | 334 | 0.0188 | 320 | 0.0182 | 306 
0.024..........| 0.0216 | 379 | 0.0210 | 363 | 0.0202 | 346 | 0.0195 | 331 | 0.0188 | 316 
0.026..........| 0.0225 | 395 | 0.0218 | 376 | 0.0209 | 359 | 0.0202 | 342 | 0.0194 | 326 
ORO 28 Sakti: 0.0234 | 410 | 0.0226] 390 | 0.0217 | 371 | 0.0209} 353 | 0.0200 | 336 
OROSO Meer acess 0.0243 | 425 | 0.0234 | 404 | 0.0225 | 384 | 0.0216 | 364 | 0.0206 | 346 


Instructions FoR Usp.—This table is to be used only at sections adjacent to the supports of continuous 
or fixed beams or of rigid frames, made of 2500-lb. concrete and having compressive reinforcement. (See 
also general note under Table 5.) 


584 DESIGN AND Cost Data FOR THE BUILDING CopE. 


Design VALUES OF p AND K ror fs = 20,000 


TaBiE 12.—ReEcTANGULAR BEAMS WITH COMPRESSIVE REINFORCEMENT. 


fe = 0.40f%c 
3000-lb. Concrete n= 10 fe = 1200 
p d’/d =0.02 d’/d = 0.04 d'/d = 0.06 d’/d = 0.08 d'/d =0.10 
D K p K p K D K Pp K 
0.002... “0.0122 217 0.0122 216 0.0121 214 0.0120 213 0.0120 211 
O}0049 eae oe 0.0132 237 0.0131 234 0.0130 231 0.0129 228 0.0128 226 
OU00Gs Beene ece 0.0143 257 0.0141 252 0.0139 248 0. 0137 244 0.0136 240 
OLODS ee 2s das 0.0153 277 0.0151 271 0.0148 265 0.0146 260 0.0144 254 
OR010 sateen a. 0.0163 297 0.0160 290 0.0158 282 0.0154 275 0.0152 268 
ON OU ea eee 0.0173 |’ 317 | 0.0170 | 308 | 0.0167 |} 299 | 0.0163 | 291 | 0.0160 | 283 
O01 ek 0.0183 337 0.0179 327 0.0176 316 0.0171 306 0.0167 297 
OROiGa.c kee 0.0194 357 0.0189 345 0.0185 333 0.0180 322 0.0175 311 
0.018 0.0204 377 0.0198 364 0.0194 350 0.0188 338 0.0183 325 
QeO20 ee ces 0.0214 397 0.0208 382 0.0203 367 0.0197 353 0.0191 340 
OMOR keke ds 0.0224 417 0.0218 401 0.0212 385 0.0205 369 0.0199 354 
ONO ane. 0.0234 437 0.0227 419 0.0221 402 0.0214 385 0.0207 368 
O5026 5.0 Ska 0.0245 457 0.0237 438 0.0230 419 0.0222 400 0.0215 382 
EOS cette iwites 0.0255 477 0.0247 456 0.0239 436 9.0231 416 0.0223 397 
OPO 0 Laer 0.0265 | 497 | 0.0257 | 475 | 0.0248 | 453 | 0.0239 | 432 | 0.0931 | 411 
d'/d = 0.12 d’/d =0.14 d'/d = 0.16 d'/d = 0.18 d'/d = 0.20 
p 
D K p K 0) K Dp K D K 
0.0119 210 0.0119 209 0.0118 207 0.0118 206 0.0117 205 
0.0227 223 0.0125 220 0.0124 218 0.0123 215 0.0122 213 
0.0134 236 0.01382 232 0.0131 228 0.0129 225 0.0127 221 
0.0141 249 0.0139 243 0.0137 239 0.9134 234 0.0132 229 
0.0149 262 0.0146 255 0.0143 249 0.0140 243 0.0187 237 
0.0156 275 0.0153 267 0.0149 259 0.0146 252 0.0142 245 
0.0163 287 0.0159 278 0.0155 270 0.0151 261 0.0147 253 
0.0171 300 0.0166 290 0.0162 280 0.0157 271 9.0152 262 
0.0178 313 0.0173 302 0.0168 291 0.0162 280 0.0157 270 
0.0185 | 326 | 0.0180 | 313 | 0.0174] 301 | 0.0168 | 289 | 0.91621 278 
0.0193 339 0.0186 825 0.0180 31l 0.0174 298 0.0167 286 
0.0200 352 0.0193 337 0.0186 322 0.0179 307 0.0172 294 
0.0207 | 365 | 0.0200 | 348 | 0.0191 | 332 | 0.0185 | 317 | 0.0178 | 302 
0.0215 | 878 | 0.0207 | 360 | 0.0199 | 343 | 0.0191 | 326 | 0.0183 310 
0.0222 391 0.0214 372 0.0205 353 0.0196 335 0.0188 318 


under Table 5.) 


_Instruct:ons For Use.—This table is 
having compressive reinforcement except for 


to be used in beams and slabs made of 3000-Ib. concrete and 
the special case covered by Table 13. (See also general note 
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Design VaLuzs oF p AND K For fs = 20,000 


TaBLE 13.—ReEcTANGULAR BEAMS WITH CoMPRESSIVE REINFORCEMENT. 
fe = 0.45 f’c 


3000-lb. Concrete n= 10 fc = 1350 


p d’/d = 0.02 d'/d = 0.04 d’'/d = 0.06 d'/d = 0.08 d'/d = 0.10 


d’/d = 0,12 d'/d = 0.14 d’/d = 0.16 d'/d = 0.18 d’/d = 0.20 


Pp 
i} 

Pp K p K D K D K D K 
OS002 eee 0.0145 | 250 | 0.0144 | 249 | 0.0143 | 247 | 0.0143 | 246 | 0.0142 | 245 
OL OW ES Seateae 0.0153 | 265 | 0.0152 | 262 | 0.0151 | 260 | 0.0149 | 257 | 0.0148 | 255 
On00GauE tence 0.0162 | 280 | 0.0160] 276 | 0.0158 | 272 | 0.0156 | 268 | 0.0154 | 264 
OVO0R Ge... 0.0170 | 295 | 0.0168 | 290 | 0.0165 | 284 | 0.0163 | 279 | 0.0160} 274 
0.010..........| 0.0179 | 310 | 0.0176 | 303 | 0.0173 | 297 | 0.0170] 290 | 0.0167 | 284 
Oe seesae se 0.0187 | 325 | 0.0183 | 317 | 0.0180] .309 | 0.0176 | 301 | 0.0173 | 294 
0.014..........| 0.0196 | 340 | 0.0191 | 330 | 0.0187 | 321 | 0.0183 | 312 | 0.0179 | 304 
ORCL Gpen neces: 0.0204 | 355 | 0.0199 | 344 | 0.0194 | 333 | 0.0190] 323 | 0.0185 | 318 
QUIS ae. 0.0213 | 370 | 0.0207 | 358 | 0.0202 | 346 | 0.0196 | 334 | 0.0191 | 323 
OO ZO ad caches 0.0221 385 0.0215 871 0.0209 358 0.0203 345 0.0197 333 
ONO 2D sah cance’. 0.0280 400 0.0223 385 0.0216 370 0.0210 356 0.0203 343 
OLO2G ee ah ok s,.'s 0.02388 415 0.0231 399 0.0224 383 0.0216 367 0.0209 353 
ONOIG ek 0.0247 | 430 | 0.0239 | 412 | 0.0231 | 395 | 0.0223 | 378 | 0.0216 | 362 
ONOISS eae 0.0255 | 445 | 0.0247 | 426 | 0.0238 | 407 | 0.0230 | 389 | 0.0222 | 372 

0 


UOR ERS sr oeir 0.0264 | 460 0255 | 440 | 0.0246 | 420 | 0.0237 | 400 | 0.0228 | 382 


Instructions For Usu.—This table is to be used only at sections adjacent to the supports of continuous 
or fixed beams or of rigid frames, made of 3000-Ib. concrete and having compressive reinforcement. (See 
also general note under Table 5.) 


586 DeEsIGn AND Cost DaTA FOR THE BUILDING CODE. 


Design VALUES OF p AND K For fe = 20,000 
TaBLE 14.—REcCTANGULAR BEAMS WITH COMPRESSIVE REINFORCEMENT. 


te = 0.40 f'c 
3750-lb. Concrete n= 8 fe = 1500 

p! d'/d=0.02 | d'/d=0.08 | a/d=0.06 | d’'/d=0.08 | w/d=0.10 

p K D D K 

02002 - Aaasmcrrs- 0.0151 265 0.0150 0.0149 260 

020085. ee 0.0161 285 0.0160 0.0156 274 

02008) sac ses hy. 0.0171 304 0.0169 0.0164 288 

0008 e aeacstevin: 0.0181 324 0.0179 0.0172 301 

OuOLOM ane nee 0.0191 343 0.0188 0.0179 315 

OO ene x 0.0201 363 0.0197 0.0187 | 329 

QUOTA: vcaaen- 0.0211 382 0.0207 0.0195 343 

OLOTG eet aes 0.0221 402 0.0216 0.0203 357 

Ox OSM ore scat. 0.0230 | 421 0.0225 0.0210 371 

{ ONOZO Neo. cee 0.0240 441 0.0235 0.0218 385 

| O02 2e earn os 0.0250 | 460 | 0.0244 0.0226 398 

j O02 cess 0.0260 | 480 | 0.0253 0.0233 412 

iI OR006 Crease 0.0270 499 0.0263 0.0241 426 

I O08. ee 0.0280 518 0.0272 0.0249 440 

j OL030e. ose 0.0290 5388 | 0.0282 0.0256 | 454 
v 


Instructions ror Usu.—This table is to be used in beams and slabs made of 3750-lb. concrete and having 
ope reinforcement, except for the special case covered by Table 15. (See also general note under 
| able 5. 


d'/d =0.12 d'/d =0.14 d'/d = 0.16 d'/d = 0.18 d’/d = 0.20 
| j 
P K Pp K Dp K Dp K p K 
i 0:002se eee 0.0148 | 259 | 0.0148 | 257 | 0.0147] 256 | 0.0146] 255 | 0.0146 | 254 
0004s, ween 0.0155 | 271 | 0.0154 | 269 | 0.0153 | 266 | 0.0152] 264 | 0.0151 | 262 
| 0.008% as 0.0162 | 284 | 0.0161 | 280 | 0.0159} 276 | 0.0157 | 273 | 0.0156 | 270 
OLOOS hie oer 0.0170 | 296 | 0.0167 | 291 | 0.0165} 286 | 0.0163 | 282 | 0.0161 | 277 
| 00105 eeenee 0.0177 | 309 | 0.0174} 303 | 0.0171] 297 | 0.0168) 291 | 0.0166 | 285 
| 
; 01012 eee 0.0184 | 321 | 0.0180} 314 | 0.0177] 307 | 0.0174] 300 | 0.0170 | 293 
| O01 eee 0.0191 | 334 | 0.0187 | 325 | 0.0183 | 317 | 0.0179 | 399 | 0.0175 | 301 
| (O2016 oan ae 0.0198 | 346 | 0.0194 | 337 | 0.0189 | 327 | 0.0185 318 | 0.0180! 309 
HU Rarsouuns er 0.0205 | 359 | 0.0200 | 348 | 0.0195] 337 | 0.0190] 327 | 0.0185 | 317 
0.020..........| 0.0212 | 372 | 0.0207] 359 | 0.0201 | 347 | 0.0196} 336 | 0.6190 | 324 
0.022..........| 0.0220 | 384 | 0.0213] 371 | 0.0207 | 357 | 0.0201 | 345 | 0.0195 | 332 
0.024..........| 0.0227 | 397 | 0.0220 | 382 | 0.0213 | 367 | 0.0207 | 354 | 0.0200 | 340 
} 0026.2. eee 0.0234 | 409 | 0.0227] 393 | 0.0219 | 378 | 0.0212 | 362 | 0.0205 | 348 
| O,028.2 6 anes 0.0241 | 422 | 0.0233 | 404 | 0.0225] 388 | 0.0217] 371 | 0.0210 | 356 
| OL0S0 ene 0.0248 | 434 | 0.0240] 416 | 0.0231 | 398 | 0.0223 | 380 | 0.0214] 304 
| 
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Desian VALUES OF p AND K ror fs = 20,000 


TasBLE 15.—REcTANGULAR BEAMS wiTH COMPRESSIVE REINFORCEMENT. 
te = 0.45 fc 


3750-lb. Concrete n=8 fc = 1688 


p’ d'/d = 0.02 d’/d = 0.04 d'/d = 0.06 d'/d = 0.08 d'/d = 0.10 

D K D K p K D K D K 

02002 sea ee oe 0.0181 316 0.0181 314 0.0180 313 0.0180 311 0.0179 310 
0.004 0.0192 338 0.0191 335 0.0190 332 0.0189 329 0.0188 326 
O06 .F od 0.0204 360 0.0202 355 0.0200 351 0.0198 346 0.0197 342 
UP Ucetpecinction 0.0215 382 0.0212 376 0.0210 370 0.0208 364 0.0206 358 
OLG1LOR a 0.0226 | 404 | 0.0223 | 396 | 0.0220] 388 | 0.0217] 381 | 0.0214 | 374 
OROI2 ee meee 0.0237 | 426 | 0.02384 | 416 | 0.0230 | 407 | 0.0226) 399 | 0.0223 | 390 
OO ane 0.0249 448 0.0244 437 0.0240 426 0.0236 416 0.0232 406 
OOL6 Sayan. 0.0260 470 0.0255 457 0.0250 445 0.0245 433 0.0241 422 
ONOUB ccm cece 0.0271 492 0.0265 478 0.0261 465 0.0255 451 0.0250 438 
OO20 aeons 0.0282 514 0.0276 498 0.0271 484 0.0265 468 0.0259 454 
0022 oF ae whe es 0.0293 536 0.0287 518 0.0281 503 0.0274 486 0.0268 470 
QLODR acts ska 0.0304 558 0.0398 539 0.0291 522 0.0284 503 0.0277 486 
0.026 0.0316 580 0.0308 559 0.0301 541 0.0293 521 0.0286 502 
ONOZ8E vaickctes, © 0.0327 602 0.0319 580 0.0311 560 0.0303 538 0.0294 518 
0.030 0.0338 | 624 | 0.0330} 600 | 0.0321 | 578 | 0.0312 | 556 | 0.0303 | 534 


d’/d = 0.12 d’'/d = 0.14 d’/d = 0.16 d'/d = 0.18 d'/d = 0.20 


2) K Dp K p K ? K 1) K 


309 | 0.0178 | 307 | 0.0177 | 306 | 0.0177 | 305 | 0.0176 | 304 
323 | 0.0185 | 321 | 0.0184 | 318 | 0.0183 | 315 | 0.0182 | 313 
338 | 0.0193 | 334 | 0.0191 | 330 | 0.0189 | 326 | 0.0188 | 323 
352 | 0.0201 | 347 | 0.0199 | 342 | 0.0196 | 337 | 0.0194 | 332 
367 | 0.0208 | 360 | 0.0206 | 354 | 0.0202 | 348 | 0.0200 | 342 


382 | 0.0216] 374 | 0.0213 | 366 | 0.0209 | 358 | 0.0206} 351 
396 | 0.0224 | 387 | 0.0220 | 378 | 0.0215 | 3869 | 0.0212 | 361 
410 | 0.0232 | 400 | 0.0227 | 390 j 0.0222 | 380 | 0.0218 | 370 
425 | 0.0339 | 413 | 0.0234 | 401 | 0.0228 | 390 | 9.0224 | 380 
440 | 0.0247 | 427 | 0.0241] 414 | 0.0235 | 401 | 0.0230 | 389 


455 | 0.0255 | 440 | 0.0248 | 426 | 0.0242 | 412 | 0.0285 | 399 
469 | 0.0262 | 453 | 0.0255 | 438 | 0.0248 | 423 | 0.0241 | 408 
484 | 0.0270 | 466 | 0.0263 | 449 | 0.0255 | 433 | 0.0247 | 418 
498 | 0.0278 | 480 | 0.0270 | 461 | 0.0262 | 444 | 0.0253 | 427 
513 | 0.0286 | 493 | 0.0277 | 473 | 0.0268 | 455 | 0.0259 | 437 


Instructions For Usu.—This table is to be used only at sections adjacent to the supports of continuous 
or fixed beams or of rigid frames, made of 3750 Ib. concrete and having compressive reinforcement. (See also 
general note under Table 5.) 


I. 588 DESIGN AND Cost DaTA FOR THE BUILDING CODE, 


Design VALUES OF p AND K For fs = 20,000 
TaBLEe 16.—T-BEAMsS wiTtH COMPRESSIVE REINFORCEMENT 


2000-lb. Concrete n=15 fe = 800 


a p K P d'/d = 0.04 a'/d = 0.06 d’/d = 0.08 a’/d = 0.10 


{ d'/d =0.12 d'/d = 0.14 d’/d = 0.16 d’/d = 0.18 d’/d = 0.20 
| y 
p K Dp K Pp K P Kk p K 
| O2002/e sae caak 0.0008 13 | 0.0007 12 | 0.0006 | 11 | 0.0006 10 | 0.0005 
0.004..........] 0.0015 | 27 | 0.0014] 24 | 0.0013] 21 | 0.0012 19 | 0.0010 17 
0.006 0.0023 | 40 | 0.0021} 36 | 0.0019] 32 | 0.0017] 29 | 0 0016] 925 
0.008........../ 0.0030.) 54 | 0.0028} 48 | 0.0026) 43 | 0.0023} 38 | 0 0021 33 
OHO, ce eioses 0.0038 | 67 | 0.0035) 60 | 0.0032) 54 | 0.0029] 48 | 0.0026] 49 
0.012..........] 0.0046 | 80 | 0.0042] 72 | 0.0038 65 | 0.0035 | 57 | 0.0031 50 
| ONO LAr fees 0.0053 | 94 | 0.0049} 85 | 0.0045} 75 | 0.0041 67 | 0.0037] 59 
ONOIG A eee 0.0061 | 107, | 0.0056} 97 | 0.0051 86 | 0.0047 | 76 | 0.0042] 67 
ONOLS I et ee 0.0068 | 121 | 0.0063 | 109 | 0.0058 7 | 0.0052) 86 | 0.0047] 75 
CORLWPAVEA Samersiin ¢ 0.0076 134 | 0.0070 121 0.0064 108 | 0.0058 95 | 0.0052 84 
0022 ye anes 0.0084 | 147 | 0.0077 | 133 | 0.0070} 118 | 0.0064 | 105 | 0.0057 | 92 
QLO2Sa ee euraee 0.0091 | 161 | 0.0084} 145 | 0.0077} 129 | 0.0070} 114 | 0.0063 | 1400 
OROQG Me eee 0.0099 | 174 | 0.0091 | 157 | 0.0083 | 140 | 0.007 124 | 0.0068 | 109 
0028 -:45 Saree 0.0106 | 188 | 0.0098 | 169 | 0.0090'| 151 | 0.0081 | 133 | 0.0073 | 417 
O 0380 centinn 0.0114 | 201 0.0105 181 0.0096 | 162 | 0.0087 143 | 0.0078 125 


Grnerat Nore ror Tasuns 16 To 19 


Instructions For Uss.—Ordinarily T-beams require no compressive reinforcement but Tables 16 to 19 
will be found useful where architectural considerations require certain T-joists or beams to carry extraordinary 


Sey without increase in depth, or require the removal of portions of the flange. (See also general note under 
Table 5.) 


DESIGN AND Cost Data FoR THE BurLpING Copr. 589 
Desian VALUES OF p AND K For fs= 20,000 
Tasie 17.—T-BEams with CoMpPRESSIVE REINFORCEMENT 
2500-lb. Concrete n= 12 fe = 1000 
t & : 
3 p p d’/d=0.04 | d'/d=0.06 | a’/d=0.08 | d’'/d=0.10 
p K p K D K p K 
0061 o.o098 | 2, | 0.002 | 0.0010} 19 | 0.0009) 17 | 0.0009} 16 | 0.0008] 45 
008 | 0.0030 | eg | 0.004 | 0.0020] 38 | 0.0018] 35 | 0.0017} 32 | 0.0016] 29 
010 / 0.00t3 | gy | 0.006 | 0.0029] 57 | 0.0028] 52 | 0.0026} 48 | 0.0024] 44 
012 | 0.0050 | - oe | 0.008 | 0.0039 | 75 | 0.0037} 70 | 0.0035] 64 | 0.0032) 58 
O12 | 00087 | tor | 0.010 | 0.0049] 94 | 0.0046] 87 | 0.0043 | 80 | 0.0040} 73 
Fae 6 ee tay || 0.012 | 0.0059 | 113 | 0.0055 | 104 | 0.0052} 96 | 0.0048 | 87 
096 | scones | dag | 0.014 | 0-069 | 132 | 0.0065 | 122 | 0:0061 | 112 | 0.0056 | 102 
Don once | fat | 0.016 | 0.0079.) 151 | 0:0074 | 139 | 0.0069 | 127 | 0.0065 | 116 
O54 | ocooga | 2ge | 0.018 | 0.0088 | 170 | 0.0083 | 157 | 0.0078 | 143 | 0.0073 | 131 
O54 | aoe | ta | 0.020 | 0.0098 | 189 | 0.0092 | 174 | 0.0087 | 159 | 0.0081 | 145 
538 | o-anse | 156 | 0.022 | 0.0108 | 207 | 0.0102] 191 | 0.0095 | 175 | 0.0089 | 160 
30 |b pos | 1ey | 0.024 | 0.0118 | 226 | 0.0111 | 209 | 0.0104 | 191 | 0.0097 | 174 
Foe To aoe | 182 | 0.026 | 0.0128 | 245 | 0.0120) 226 | 0.0113 | 207 | 0.0105 | 189 
oot oo | 103 | 0.028 | 0.0138 | 264 | 0.0129] 244 | 0.0121 | 228 | 0.0113 | 203 
8 | Ooo | ib | 0.080 | 0:0147 | 283 | 0.0139 | 261 | 0.0180 | 239 | 0.0121) 218 
@/d=0.12 | @/d=0.14 | a/d=0.16 | @/d=0.18 | a’/d=0.20 
Pt 
p K p K p K Dp K D K 
OROND:: Maar. 0.0007 | 13 | 0.0007) 12 |-0.0006| 11 | 0.0008] 9 | 0.0005) 8 
OUI dee Lae 0.0015 | 26 | 0.0014| 24 | 0.0013] 21 | 0.0011] 19 | 0.0010) 16 
yt et anew 0.0022 | 40 | 0.0021} 36 | 0.0019/ 32 | 0.0017] 28 | 0.0015 | 25 
0.008 0.0030 | 53 | 0.0098] 47 | 0.0025] 42 | 0.0093} 37 | 0.0021] 33 
0.010, :2 cess, 0.0037 | 66 | 0.0034} 59 | 0.0032) 53 | 0.0029| 47 | 0.0026] 41 
O12 vada 0.0045 |. 79 | 0.0041 | 71 | 0.0038] 64 | 0.0034] 56 | 0.0031 | 49 
QUOTA di hceon, 0.0052 | 92 | 0.0048 | 83 | 0.0044] 74 | 0.0040} 66 | 0.0036 | 57 
OIG. 2, .0h ea, 0.0060 | 105 | 0.0055 | 95 | 0.0050| 85 | 0.0046] 75 | 0.0041] 66 
0018 bse 0.0067 | 119 | 0.0062 | 107 | 0.0057) 95 | 0.0051] 84 | 0.0046 | 74 
O.000.60 hots: 0.0075 | 132 | 0.0069) 119 | 0.0063 | 106 | 0.0057] 94 | 00051] 982 
(1082s... cae 0.0082 | 145 | 0.0076! 130 | 0.0069 | 117 | 0.0063 | 103 | 0.0056] 90 
01094)..5. cone! 0.0090 | 158 | 0.0083 | 142 | 0.0076 | 127 | 0.0069] 112 | 0.0062 | 99 
0.026.......... 00097 | 171 | 0.0090 | 154 | 0.0082] 138 | 0.0074 | 122 | 0.0067 | 107 
hs 0.0105 | 185 | 0.0097 | 166 | 0.0088) 148 | 0.0080] 131 | 0.0072) 115 
PBL. 0.0112 | 198 | 0.0103 | 178 | 0.0095 | 159 | 0.0086 | 140 | 0.0077 | 128 


See instructions for use under Table 16. 
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Design VALUES OF p AND K ror fs = 20,000 


TaBLE 18.—T-Brams with COMPRESSIVE REINFORCEMENT 


3000-lb. Concrete n=10 fe = 1200 

t , 
ay K P d’/d = 0.04 d'/d=0.06 | d’/d=0.08 d'/d = 0.10 
Dp K D K p K Dp K 
0061 b00ss | aa | 9.002 | 0.0010} 19 | 0.0009] 17 | 0.0008} 16 | 0.0008} 14 
008 | 0.0043 | go | 0.004 | 0.0019 | 37 | 0.0018} 34 | 0.0017] 31 | 0.0016 | 29 
010 | 6.0052 | a | 9.006 | 0.0029] 56 | 0.0027} 51 | 0.0025] 47 | 0.0024| 43 
0'12| o-o0e1 | 114 | 9.008 | 0.0039) 74 | 0.0036] 68 | 0.0034] 63 | 0.0032] 57 
0.12 0.0068 | ios | 0.010 | 0.0048 | 93 | 0.0045) 85 | 0.0042] 78 | 0.0040) 71 
take tee a 0.012 | 0.0058 | 111 | 0.0054] 102 | 0.0051} 94 | 0.0048] 86 
020| 00088 | ie | 0.014 | 0.0068 | 130 | 0.0064) 119 | 0.0059 | 109 | 0.0056 100 
0.22| 0.0093 | 169 | 0.016 | 0.0077 | 148 | 0.0073 | 136 | 0.0068 | 125 | 0.0063 | 114 
0:24| 00098 | 176 | 9.018 | 0.0087 | 167 | 0.0082) 154 | 0.0076 | 141 | 0.0071 | 128 
0.26| 0.0102 | isp | 0.020] 0.0096 | 185 | 0.0091 | 171 | 0.0085} 156 | 0.0079 | 143 
Ae Woes 187 | 0.022 | 0.0106 | 204 | 0.0100] 188 | 0.0093 | 172 | 0.0087 | 157 
0321 0.0110 | 194 | 0-024 | 0.0116 | 222 | 0.0109] 205 | 0.0102 | 188 | 0.0095 | 171 
0341 00112 | 196 | 0-026 | 0.0125 | 241 | 0.0118) 222 | 0.0110} 204 | 0.0103 | 185 
0:36| 0.0112 | 197 | 0-028 | 0.0135 | 260 | 0.0127} 239 | 0.0119 | 219 | 0.0111 | 200 
0.030 | 0.0145 | 278 | 0.0136 | 256 | 0.0127| 235 | 0.0119 | 214 

k| 0.0113 | 197 
@/d=0.12 | d’/d=0.14 | d/d=0.16 | a/d=0.18 | a/d=0.20 
p’ 

p K Pp K D K 0 K » K 
Oro0oy me eee 0.0007 | 13 | 0.0007} 12 10.0006] 10 |0.0006| 9 |0.0008| 8 
DW Ehesirrnen 0.0015 | 26 | 0.0014} 23 | 0.0012} 21 | 0.0011! 18 | 00010! 16 
(0 00e nae 0.0022 | 39 | 0.0020} 35 | 0.0019} 31 |0.0017| 28 |0 0015 | 24 
Dds case 0.0029 | 52 | 0.0027] 47 | 0.0025] 42 | 0.0022] 37 | 0.00201 39 
OLOtO ne ee 0.0037 | 65 | 0.0034} 58 | 0.0031] 52 | 0.0028] 46 | 0.0025 | 40 
DO sor oneccn 0.0044 | 78 | 0.0041} 70 | 0.0037} 62 | 0.0034] 55 | 0.0030! 48 
OvO12. oa, ieee 0.0051 | 90 | 0.0047]| 81 | 0.0043} 73 | 0.0039} 65 | 0.0035 | 56 
0.016; ae 0.0059 | 103 | 0.0054) 93 | 0.0050! 83 | 0.0045| 74 | 0.0040] 64 
(O(n pocmnn 0.0066 | 116 | 0.0061} 105 | 0.0056! 94 | 0.0051| 83 | 0.0045] 73 
020 eee 0.0073 | 129 | 0.0068 | 116 | 0.0062 | 104 | 0.0056} 92 | 0.0050) 981 
01020) 0.0081 | 142 | 0.0074] 128 | 0.0068 114 | 0.0062} 101 | 0.00551 89 
0.024 0.0088 | 155 | 0.0081} 140 | 0.0074} 125 | 0.0067! 111 | 0.0060 | 97 
6.0068 x we 0.0095 | 168 | 0.0088 | 151 | 0.0080} 135 | 0.0073 | 120 | 0.0066 | 105 
0.028.......... 0.0103 | 181 | 0.0095] 163 | 0.0087) 146 | 0.00791 129 | 0 0071 | 113 
O0s0hen ae oe 0.0110 | 194 | 0.0102 | 175 | 0.0093 | 156 | 0.0084 138 | 0.0076 | 121 


See instructions for use under Table 16. 
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Design VALUES OF p AND K For fs = 20,000 
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TaBuE 19.—T-BEAMsS wits CoMPRESSIVE REINFORCEMENT 


ie media la p | d/d=0.04 
Pp K 
gu em | | oon o.com | a 
GtG8 0.0054 | ator |e eM oe leer 
0.10 | 0.0065 | 124 | 9: : 
@riar4 0.00761. 2143) 10-0085) Cee 22 
G14} 0008516 |] 0 OCONEE APO 
Be oye | ~/4g8. | 0.0025): 0.0056 |. 108 
Boe orto doe | 0.014 1.050006: | 126 
Be ee yy 20F | 50c066 0, 0075 -|5/144 
0.22 | O01 | 341 1 0-018 | 0.0084 | 162 
0.26 |-0.0127,| 228 | 9-020 }-0:0008,| "180 
B26. | 0.0182 |. 224 | 0.022-\70.o103:|- 108 
020 | tee | Bay | 0.024 | 0.0112 | 216 
018s | 0 -oes | oe | 0-026 | 0-122 | 234 
0 oe | ones | bay | 0-028 | 0.0181 | 252 
ae Ot | oee | (0:030.| 0.0141 | 270 
d/d=0.12 | a@/d=0.14 

p 
P K p K 
0.002 0.0007 | 13 | 0.0007] 11 
0.004.......... 0.0014} 25 | 0.0013 | 23 
O06 tec cticu2s 0.0021 | 38 | 0.0020} 34 
MOOR sna 0.0029 | 50 | 0.0026] 45 
D010, Feo 0.0036 | 63 | 0.0033) 57 
9 es 0.0043 | 75 | 0.0039] 68 
MOI ce: 0.0050 | 88 | 0.0046] 79 
NOLEN Lens. 0.0057 | 100 | 0.0053 | 91 
OOM det: 0.0064 | 113 | 0.0059 | 102 
Ong AE Re 0.0071} 126 | 0.0066 | 113 
0.022.....54-+. 0.0079 | 138 | 0.0072 | 125 
0M Fars. 0.0086 | 151 | 0.0079 | 136 
0.026.......0.- 0.0093 | 163 | 0.0086 | 147 
O028)-..0.s 0.0100 | 176 | 0.0092 | 158 
BOSD estes ta: 0.0107 | 188 | 0.0099 | 170 


3750-Lb. Concrete n=8 fc = 1500 


d’/d = 0.06 
vi) K 
0.0009 17 
0.0018 33 
0.0026 50 
0.0035 66 
0.0044 83 
0.0053 | 100 
0.0062 116 
0.0071 | 133 
0.0079 | 149 
0.0088 | 166 
0.0097 | 183 
0.0106 | 199 
0.0115 | 216 
0.0124 232 
0.0132 | 249 

d’'/d = 0.16 

D K 
0.0006 10 
0.0012 20 
0.0018 30 
0.0024 40 
0.0030 51 
0.0036 61 
0.0042 71 
0.0048 81 
0.0054 91 
0.0060 | 101 
0.0066 | 111 
0.0072 | 121 
0.0078 | 132 
0.0084 142 
0.0090 | 152 


d'/d = 0.08 d’/d = 0.10 
Dp K D K 
0.0008 15 | 0.0008 14 
0.0017 30 | 0.0015 28 
0.0025 46 | 0.0023 42 
0.0033 61 | 0.0031 55 
0.0041 76 | 0.0038 69 
0.0050 91 | 0.0046 83 
0.0058 | 106 | 0.0054 97 
0.0066 122 0.0062 111 
0.0074 | 187 | 0.0069 | 125 
0.0083 | 152 | 0.0077] 139 
0.0091 | 167 | 0.0085 | 152 
0.0099 182 0.0092 166 
0.0107 | 198 | 0.0100 | 180 
0.0116 213 0.0108 194 
0.0124 | 228 | 0.0116 | 208 
d'/d = 0.18 d'/d = 0.20 
Pp K D K 
0.0005 9 0.0005 8 
0.0011 18 0.0010 16 
0.0016 27 | 0.0015 24 
0.0022 36 0.0020 31 
0.0027 45 0.0024 39 
0.0033 54 | 0.0029 47 
0.0038 63 | 0.0034 55 
0.0044 72 0.0039 63 
0.0049 81 0.0044 71 
0.0055 90 | 0.0049 78 
0.0060 99 | 0.0054 86 
0.0066 108 0.0059 94 
0.0071 116 0.0064 102 
0.0076 | 125 | 0.0069 | 110 
0.0082 | 1384 | 0.0074 | 118 


See instructions for use under Table 16. 
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BENDING AND Direct COMPRESSION—CIRCULAR SECTIONS 
Diacram 20.—Case I—2000-18. ConcretE—n = 15 
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Guyerat Norn ror Dracrams 20 10 65 

These diagrams are based on circular or rectangular sections in whi 
placed with respect to gravity axis at right angles to the plane in which the load is eccentric. 

Instructions For Usw or Diagrams 20 To 24.—Enter the diagram with the value of e/r and proceed 

vertically to an intersection with the sloping index line for an assumed value of po. From this intersection 

pass horizontally to the right or left marginal scale and read off the value of Q. Solve for fe in formula (106). 


ch the reinforcement is symmetrically 
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BENDING AND Direct CompressIoN—CirRcULAR SECTIONS 
DracraM 21.—Casze I—2500-1t8. Concretn—n = 12 


See instructions for use and a!so general note under Diagram 20. 
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BENDING AND DirEcT CoMPRESSION—CIRCULAR SECTIONS 
Diagram 22.—Casr I—3000-LB. ConcrETE—n = 10 
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BENDING AND Drrect Compression—CircuLAR SECTIONS 
DiacRaM 23.—Casn I—3750-L8. ConcreTE—n = 8 
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See instructions for use and also general note under Diagram 20. 
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BENDING AND Direct CoMPRESSION—CIRCULAR SECTIONS 
Diagram 24.—Case I—5000-18. ConcretE—n = 6 
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See instructions for use and also general note under Diagram 20. 
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BENDING AND Direct CompressiIon—CrIrcuLaR SECTIONS 
Diacram 25.—Casn II—2000-tz. Concrers—n = 15 


Volues of & 
% a 
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Os 5 
% | 0 
° oO Ee 
% 
 2oP | “ 
> ci | 
SA EKE) 3.0 
Ae] A 
Nae 25 
2.0 
ro 2.0 
fey 1S 
40 140 
AS 0.2) 
fe) aan H t do 
60 3O 4O 30 20 /O oO 
Vise [me a te Fe 
4 


Instructions ror Use or Diagrams 25 To 29.—Enter the upper part of the diagram with the value of 
r/e and proceed horizontally to an intersection with the index line for an assumed value of po. Pass vertically 
to the upper marginal scale and read off the value R1/fe. ‘ : E f ; 

Enter the lower part of the diagram in the same manner. From the intersection with the po index line 


pass vertically to the lower marginal scale and read off the value of fs/Ri. ; 
Solve formulas (107), (108) and (109) for values of fc and fs. (See also general note under Diagram 20.) 
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BENDING AND Drrect CoMpRESSION—CIRCULAR SECTIONS 
DracRam 26.—Casre JI—2500-LB. ConcrETE—n = 12 
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See instructions for use under Diagram 25. 
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BENDING AND Direct CoMPRESSION—CIRCULAR SECTIONS 
Diagram 27.—Case II—3000-L8. Concrere—n = 10 
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See instructions for use under Diagram 25. 
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BENDING AND Direct CoMPRESSION—CIRCULAR SECTIONS 
DiaGRaM 28.—CasEe II]—3750-LB. ConcreTE—n = 8 
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See instructions for use under Diagram 25. 


DESIGN AND Cost Data FoR THE BUILDING CovE. 601 


BENDING AND Drrect Compress1on—CircuuaR SECTIONS 
Diagram 29.—Case II—5000-tz. Concrete—n = 6 
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See instructions for use under Diagram 25. 
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BENDING AND Direct ComMPRESSION—RECTANGULAR SECTIONS 
Dracram 30.—Case I—2000-LB. ConcreTE—n = 15—d’ = 0.05t 
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Instructions For Use or Diagrams 30 Tro 45.—Enter the diagra: i Mi 

: N J I 5 30. .—Ente' m with the value of e/t 

ares Sone papier Aine ve pote oes line for an seatiened value of po. SEeon eee 
ass h¢ mtally to thefright or left marginal scale and read off ] Z 5 e 

stress in the concrete. (See also general note under Diagram se Malahat Cs 
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BENDING AND Direct CompressIoN—RECTANGULAR SECTIONS 


Diagram 31.—Casze I—2000-tz. ConcretE—n = 15—d’ = 0.14 


202 OF OC OBIA IODA SE IO. AB 20! 22 Pd £6 
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See instructions for use under Diagram 30, page 602. 
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BENDING AND Direct CoMPRESSION—RECTANGULAR SECTIONS 


Diagram 32.—Casr I—2000-LB. ConcreteE—n = 15—d’ = 0.15 
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See instructions for use under Diagram 30, page 602. 
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BENDING AND Direct ComPRESsION—RECTANGULAR SECTIONS 
Diacram 33.—Casn I—2000-tz. Concrere—n = 15—d’ = 0.2 
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See instructions for use under Diagram 30, page 602. 
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BENDING AND Direct CoMPRESSION—RECTANGULAR SECTIONS 
DraGRaAM 34.—Cass I—2500-LB. ConcretE—n = 12—d’ = 0.05¢ 
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See instructions for use’ under Diagram 30, page 602. 
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BENDING AND Direct ComprEssioN—RECTANGULAR SECTIONS 


0.1¢ 


= 12—d’ 


DiaGram 35.—Casz I—2500-it8. ConcrerE—n 
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under Diagram 30, page 602. 


See instructions for use 
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BENDING AND Direct CoMPRESSION—RECTANGULAR SECTIONS 
DiacraM 36.—Case I—2500-LB. ConcrETE—n = 12—d’ = 0.15t 
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See instructions for use under Diagram 30, page 602. 
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BENDING AND Direct CompRESSION—RECTANGULAR SECTIONS 


DiaGram 37.—Case I—2500-LB. Concrete—n = 12—d’ = 0.2 
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See instructions for use under Diagram 30, page 602. 
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BENDING AND Direct ComprREssION—RECTANGULAR SECTIONS 


Diagram 38.—Case I—3000-Ltz. ConcreTe—n 
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nder Diagram 30, page 602. 


See instructions for use ut 
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BENDING AND Direct ComMpREssION—RECTANGULAR SECTIONS 
DiacramM 39.—Casz I—3000-LB. Concrete—n = 10 d’ = 0.1t 
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See instructions for use under Diagram 30, page 602. 
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BENDING AND Direct CompressioN—RECTANGULAR SECTIONS 
Diagram 40.—Casre I—3000-LB. Concretp—n = 10 d’ = 0.15t 
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i See instructions for use under Diagram 39, page (02, 
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BENDING AND Direct CompresslioN—RECTANGULAR SECTIONS 
Dracram 41.—Casr I—3000-L8. Concrete—n = 10 d’ = 0.2¢ 
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See instructions for use under Diagram 30, page 602. 
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BENDING AND Direct CoMPRESSION—RECTANGULAR SECTIONS 
Diagram 42.—Casz I—3750-LB. ConcretE—n = 8—d’ = 0.05 
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See instructions for use under Diagram 30, page 602. 
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BENDING AND Direct CompRESSION—RECTANGULAR SECTIONS 
Dracram 43.—Case I—3750-LB. ConcretE—n = 8—d’ = 0.1t 
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See instructions for use under Diagram 30, page 602. 
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BENDING AND Direct ComprREssioN—RECTANGULAR SECTIONS 
DiaGramM 44.—Casrt I—3750-LB. ConcreTe—n = 8—d’ = 0.15¢ 
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See instructions for use under Diagram 30, page 602. 
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BENDING AND Direct CompREsstoN—RECTANGULAR SECTIONS 


Dracgram 45.—Caszn I—3750-18. Concrete—n = 8—d’ = 0.2t 
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See instructions for use under Diagram 30, page 602 
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BENDING AND Direct CompressioN—RECTANGULAR SECTIONS 
Diagram 46.—Casr II—2000-18. ConcretE—n = 15—d’ = 0.05t 
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Insrrucrions ror Use.—Enter the diagram with the value of e/t and proceed vertically to an intersect on 
with a horizontal line drawn through an assumed value of po on the left or tight marginal scale. Read off on 
the inclined scales the value of k. With this value of k enter Diagram 50. (See also general note under 
Diagram 20.) : 
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BENDING AND Direct ComMpRESSION—RECTANGULAR SECTIONS 
Diacram 47.-—Casz IJ—2000-tz. Concrere—n = 15—d’ = 0.1t 
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Instructions For Use.—Enter the diagram with the value of e/t and proceed vertically to an intersection 
with a horizontal line drawn through an assumed value of po on the left or right marginal scale. Read off on 
the inclined scales the values of k. With this value of & enter Diagram 50. (See also general note under 


Diagram 20.) 
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BENDING AND Direct CompREsSsION—RECTANGULAR SECTIONS 
Diagram 48.—Casz II—2000-13. Concrete—n = 15—d’ = 0.15t 
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Instructions ror Usn.—Enter the diagram with the value of ¢/t and proceed vertically to an intersec- 
tion with a horizontal line drawn through an assumed value of po on the left or right marginal scale. Read 
off on the inclined scales the values of k, With this value of k enter Diagram 50. (See also general note under 
Diagram 20,) 7 
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BENDING AND Direct CoMpRESSION—RECTANGULAR SECTIONS 
DraGcram 49.-—Casr II—2000-1B. Concrerr—n = 15—d’ = 0.2¢ 
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___ INSTRUCTIONS FOR Usn.—Enter the diagram with the value of e/t and proceed vertically to an intersec- 
tion with a horizontal line drawn through an assumed value of po on the left or right marginal scale. Read 
off on the inclined scales the values of k. With this value of k enter Diagram 50. (See also general note under 


Diagram 20.) 
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BENDING AND Direct ComprEssioN—RECTANGULAR SECTIONS 
Diagram 50.—(Part One)—Case II—2000-tz. Concrete—n = 15 
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; Instructions For Usu.—The value of k must first be obtaiaed from Diagrams 46 (or 47, 48 or 49, accord- 
ing value of d’/t in the member being designed). The value of po used in those diagrams must be modified 
as follows: 

po used in Diagram 46 must be divided by 0.79 (d’ = 0.05t) 

Po used in Diagram 47 used without modification (d’ = 0.12) 

po used in Diagram 48 must be divided by 1.306 (d’ = 0.151) 

po used in Diagram 49 must be divided by 1.78 (d’ = 0.2t) 


(Instructions continued under Part Two). 
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BENDING AND Direct CoMpRESSION—RECTANGULAR SECTIONS 
Diagram 50.—(Part Two)—Casr II—2000-13. Concrete—n = 15 
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(Instructions continued from preceding page). 


Enter the diagram with the value of k and proceed vertically to an intersection with the sloping index line 
corresponding to the modified value of po. From this intersection pass horizontally to the left or right mar- 
ginal scale and read off the value of L. Solve formulas (31) and (32) for the stresses in the concrete and rein- 
forcing steel. (See also general note under Diagram 20.) 
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BENDING AND Direct CompREssION—RECTANGULAR SECTIONS 
Diacram 51.—Case II—2500-tz. Concrere—n = 12—d’ = 0.05¢ 


, i roy 0.6 | 
op. 0.2 0.3 0. 2. od 
- r 
4.03 - : ft 03 
.) P ti waa E 
15 Af = : : aap 2 
w .02 .02 
N 3 (7 ( 
~ 
< 2 
NO a : = VLD Da Ze .O/ 
00ST. LUE E i (elokey 
S O2 0. OF OS 0.6 


InsrRuctiIons ror Usn.—Enter the diagram with the value of e/t and proceed vertically to an intersec- 
tion with a borizontal line drawn through an assumed value of po on the left or right marginal scale. Read 
off on the inclined scales the values of b. With this value of k enter Diagram 55. (See also general note under 
Diagram 20.) 
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BENDING AND Direct CoMPpRESSION—RECTANGULAR SECTIONS 
Dracram 52.—Case II—2500-18. Concretp—n = 12—d’ = 0.1t 
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e value of e/t and proceed vertically to an intersec- 
lue of po on the left or right marginal scale. Read 
(See also general note under 


Insrructions For Use.—Enter the diagram with th 


tion with a horizontal line drawn through an assumed va 
off on the inclined scales the values of k. With this value of k enter Diagram 55. 


Diagram 20.) 


626 DESIGN AND Cost DATA FOR THE BUILDING CODE. 


BENDING AND Direct ComprEesslIonN—RECTANGULAR SECTIONS 
Diacram 53.—Casz II—2500-itp ConcrEeTE—n = 12—d’ = 0.15¢ 
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' Instructions For Usr.—Enter the diagram with the value of e/t and proceed vertically to an intersec- 
tion with a horizontal line drawn through an assumed value of po on the left or right marginal scale. Read 


off on the inclined scales the values of k. With this value of & enter Diagra: 


f m 5. (See also general note under 
Diagram 20.) 
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BENDING AND Direct CoMPRESSION—RECTANGULAR SECTIONS 
Diagram 54.—Casn II—2500-Ls. ConcretE—n = 12—-d’ = 0.2t 
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Instructions ror Uss.—Enter the diagram with the value of e/t and proceed vertically to an intersec- 
tion with a horizontal line drawn through an assumed value of po on the left or right marginal seale. Read 
off on the inclined scales the values of k. With this value of k enter Diagram 55. (See also general note under 


Diagram 20.) 
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BENDING AND Direct ComprREssION—RECTANGULAR SECTIONS 
Diagram 55.—(Part One)—Cass II—2500-Ltz. Concrere—n = 12 
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; Instructions ror Usn.—The value of k must first be obtained from Diagrams 51 (or 52, 53, or 54, accord- 
ne, . value of d’/t in the member being designed). The value of po used in those diagrams must be modified 
as follows: 


po used in Diagram 51 must be divided by 0.79 (d’ = 0.05t) 
po used in Diagram 52 used without modification (d’ = 0.11) 
po used in Diagram 53 must be divided by 1.306 (d’ = 0.15) 
po used in Diagram 54 must be divided by 1.78 (d’ = 0.24) 


(Instructions continued under Part Two) 
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BENDING AND Direct CoMpRESSION—RECTANGULAR SECTIONS 
Diagram 55.—(Parr Two)—Casp II—2500-L8. Concrete—n = 12 
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(Instructions continued from preceding page) 


Enter the diagram with the value of & and proceed vertically to an intersection with the sloping index 
line corresponding to the modified value of po. From this intersection pass horizontally to the left or right 
marginal scale and read off the value of L. Solve formulas (31) and (32) for the stresses in the concrete and 
reinforcing steel. (See also general note under Diagram 20.) 
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BENDING AND Direct ComprREsSsION—RECTANGULAR SECTIONS 
Diagram 56.—Case II—3000-tz. Concrete—n = 10 d’ = 0.05t 
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InsTRUCTIONS For Use.—Enter the diagram with the value of e/t and proceed vertically to an inter- 


section with a horizontal line drawn through 
off on the inclined scales the values of k. W: 
Diagram 20.) 


an assumed value of po on the left or right marginal scale. Read 
ith this value of & enter Diagram 60, (See also general note under 
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BENDING AND Direct Compression—RECTANGULAR SECTIONS 
Diagram 57.—Casr II—3000-1z. Concrete—n = 10 d’ = 0.1¢ 
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Instructions ror Uss.—Enter the diagram with the value of e/t and proceed vertically to an intersec- 
tion with a horizontal line drawn through an assumed value of po on the left or pe marginal scale. Read 


off on the inclined scales the value of &. With this value of k enter Diagram 60. (See also general note under 


Diagram 20.) 
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BENDING AND Direcr CompressIoN—RECTANGULAR SECTIONS 
Dracram 58.—Casr II—3000-18. Concrere—n = 10 d’ = 0.15¢ 
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___{ysTrucrions For Usn.—Enter the diagram with the value of e/t and proceed vertically to an intersee- 
tion with a horizontal Jine drawn through an assumed value of po on the left or right marginal scale. Read 
off on the inclined scales the value of k. With this value of & enter Diagram 60. 


See also general note under 
Diagram 20,) 
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BENDING AND Direct ComprEsSsSION—RECTANGULAR SECTIONS 
Diagram 59.—Casze II—3000-1B. Concrere—n = 10 d’=0.2t 
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Instructions ror Usx.—Enter the diagram with the value of e/t and proceed vertically to an intersec- 
tion with a horizontal line drawn through an assumed value of 7 on the left or right marginal scale. Read 
off on the inclined scales the value of k. With this value of k enter Diagram 60. (See also general note under 
Diagram 20.) 
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BENDING AND Direct ComMPRESSION—RECTANGULAR SECTIONS 
Diagram 60.—(Part Onzn)—Case II—3000-LB. Concrate—n = 10 
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INSTRUCTIONS FoR Usr.—The value of & must first be obtained from Diagrams 56 (or 57, 58 or 59, accord- 
a ie value of d’/t in the member being designed). The value of po used in those diagrams must be modified 
as follows: 

Po used in Diagram 56 must be divided by 0.79 (d’ = 0.05t). 

Po used in Diagram 57 used without modification (a ==0:10); 

Po used in Diagram 58 must be divided by 1.306 (d’ = 0.15). 

o used in Diagram 59 must be divided by 1.78 (d’ = 0.22). 


(Instructions continued under Part Two.) 
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BENDING AND DirEcT CoMpRESSION—RECTANGULAR SECTIONS 
Draaram 60.—(Part Two)—Casr II—3000-L8. Concrate—n = 10 
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(Instructions continued from preceding page.) 

Enter the diagram with the value of k and proceed vertically to an intersection with the sloping index 
line corresponding to the modified value of po. From this intersection pass horizontally to the left or right 
marginal scale and read off the value of L. Solve formulas (31) and (32) for the stresses in the concrete and 
reinforcing steel. (See also general note under Diagram 20.) 
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BENDING AND Direct CompRESSION—RECTANGULAR SECTIONS 
n = 8—d’ = 0.05¢ 


Diacram 61.—Case II—3750-LB. ConcrEeTE 
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INSTRUCTIONS ror Usn.—Enter the diagram with the value of e 
tion with a horizontal line drawn through an assumed value of po on the left or right marginal scale, Read 


/t and proceed vertically to an intersec- 


off on the inclined scales the values of k. With this value of k enter Diagram 65. 


(See also general note under 
Diagram 20.) 
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BENDING AND Direct CompressIoN—RECTANGULAR SECTIONS 
Diacram 62.—Case II—3750-t8. Concrete—n = 8—d’ = 0.1 
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Instructions For Usn.—Enter the diagram with the value of ¢/t and proceed vertically to an intersec- 
tion with a horizontal line drawn through an assumed value of po on the left or right marginal scale. Read 
off on the inclined scales the values of k. With this value of k enter Diagram 65. (See also general note under 


Diagram 20.) 
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BENDING AND Direct CoMPpRESSION—RECTANGULAR SECTIONS 
Diacram 63.—Case II—3750-1B. Concrete—n = 8—d’ = 0.15¢ 
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_ _ Insrrucrions ror Usn.—Enter the diagram with the value of e/t and proceed vertically to an intersec- 
tion with a horizontal line drawn through an assumed value of po on the left or right marginal scale. Read 
a on the ae scales the values of k. With this value of k enter Diagram 65. (See also general note under 

lagram 20. ; 
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BENDING AND Direct ComPRESsSION—RECTANGULAR SECTIONS 
Diacram 64.—Casr II—3750-1z. Concrete—n = 8—d’ = 0.2 
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Instructions For Usn.—Enter the diagram with the value of ¢/t and proceed vertically to an intersec- 
tion with a horizontal line drawn through an assumed value of po on the left or right marginal scale. Read 
off on the inclined scales the values of k. With this value of k enter Diagram 65. (See also general note under 


Diagram 20.) 
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BENDING AND Direct CoMPRESSION—RECTANGULAR SHCTIONS 
Dracram 65.—(Parr One)—Case II 
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Instructions ror Usn.—The value of k must first be obtained from, Diagrams 61 (or 62, 63 or 64, aceord- 


ing. BH value of d’/t in the member being designed). The value of po used in those diagrams must be modified 
as follows: 


po used in Diagram 61 must be divided by 0.79 (d’ = 0.05t). 
po used in Diagram 62 used without modification (d’ = 0.11) 
po used in Diagram 63 must be divided by 1.306 (d’ = 0.15t) 
po used in Diagram 64 must be divided by 1.78 (d’ = 0.2t) 


(Instructions continued under Part Two.) 
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BENDING AND Direct ComPpREsSION—RECTANGULAR SECTIONS 
Diacram 65.—(Parr Two)—Casp IL 
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(Instructions continued from preceding page.) 


Enter the diagram with the value of k and proceed vertically to an intersection with the sloping indexfline 
corresponding to the modified value of po. From this intersection pass horizontally to the left or right mar- 
ginal scale and read off the value of Z. Solve formulas (31) and (32) for the stresses in the concrete and rein- 
forcing steel. (See also general note under Diagram 20.) 
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Dracram 66.—Maximum Size or Stirrup Bars 
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This diagram is based on the requiremens that a tensile stress of 16,000 lb. per sq. in. in the stirrup or 
web reinforcement bar can be developed by bond on the surface area of the bar embedded within the upper 
or lower half of the beam at a unit stress of 0.04 f’c for plain bars or of 0.05 fc’ for deformed bars. The dia- 
gram is based on the usual U-shaped stirrups, anchored at one face of the beam by bending around the longi- 
tudinal bars and at the other by means of hooked ends. The diagram is based on a length of hook such that 
if straightened out, the end of the bar would project 5 in. beyond the surface of the beam. In case stirrup 
bars larger than the values obtained by this diagram are used the length of hook must be increased or the 
tensile stress reduced to that which can be developed by bond on the surface of the bars, including the hook, 
embedded within the half depth of beam. 

For vertical stirrups the maximum size of stirrup for any effective depth of beam is obtained directly 
from that rectangle in the diagram corresponding to the strength of concrete to be used. For incliaed web 
members the maximum size for any effective depth will be larger than that given by the diagram and may be 
computed by the formula— 


De De (d—1) cosee a +6 


d+5 
in which Di = maximum size of inclined web member. 
Dv = maximum size of vertical stirrup by diagram 66. 
d = effective depth of beam. 
a = angle between inclined web member and the horizontal. 
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TABLE 67.—Vaturs or NA» For U-Suapep Srirrups 


Size of Sti 
Number of Stirrups ee 
at One End —_——_- : 


4 in. round | 3¢ in. round | 44 in. round | 14 in. square | 5% in. round 34 in. round 
1.96 4.42 7.85 10.00 12.27 17.67 
1.87 4.20 7.46 9.50 11.66 16.79 
gf 3.97 7.07 9.00 11.04 15.90 
1.67 3.75 6.67 8.50 10.43 15.02 
125%, Soo 6.28 8.00 9.82 14.14 
1.47 aol 5.89 7.50 9.20 13.25 
1.37 3.09 5.50 7.00 8.59 12.37 
1.28 2.87 5.10 6.50 7.98 11.49 
1.18 2.65 4.71 6.00 7.36 10.60 
1.08 2.48 4.32 5.50 6.75 9.72 
0.98 2.21 3.93 5.00 6.14 8.84 
0.88 1.99 3.53 4.50 5.52 7.95 
0.79 Tz 3.14 4.00 4.91 7.07 
0.69 1.55 2.75 3.50 4.30 6.19 
0.59 1.32 2.36 3.00 3.68 5.30 
Os Sites reread one 0.49 1.10 1.96 2.50 3.07 4.42 
inca eh niaate visas 0.39 0.88 1.57 2.00 2.45 3.53 
Oke Muchas trees 0.29 0.66 1.18 1.50 1.84 2.65 
Ds ire eae tales 0.20 0.44 0.79 1.00 1.23 Uerir 
Tee Aces orice 0.10 0.22 0.39 0.50 0.61 0.88 


Instructions For Usp.—The areas given in this table are the right sectional areas of two legs each for 
the size of stirrup bar shown in the heading and for the number of stirrups given at the left. ; 

The number of stirrups is the number at each end for a uniformly loaded beam,or the number of stirrups 
within the base distance a, in Fig. 7 or 9, of the trapezoid under the shear curve for which stirrups are being 
designed by formulas (117) or (118). 
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TABLE 68.—Spacina or U-Suapep Stirrups—Cases II anp III 


Spacing, Center to Center of Stirrups, in Terms of a 


Distance, 
Number of First 
Stirrups at | Stirrup to 1st Group 2nd Group 3rd Group 4th Group 5th Group 
One End Face of 
Support aa, 5 
No. | Spacing | No. | Spacing | No. | Spacing | No. | Spacing | No. | Spacing 
PAN ee tiers tn 0.0134 8 0.034 7 0.04a 2 0.06a 1 0.084 1 0.1la 
19:2 ie. Sean 0.0134 7 0.034 6 0.04a 3 0.06a 1 0.084 1 0.124 
1S ccccsasent 0.0144 6 0.034 5 0.04a 4 0.06a 1 0.084 1 0.124 
I Steet cite 0.0154 5 0.03a | 5 0.04a 4 0.064 1 0.09a 1 0.134 
166 Scepter 0.016a 3 0.034 5 0.044 5 0.06a 1 0.094 1 0.134 
~ 
1D care seetoe 0.0174 2 0.034 5 0.04a 4 0.06a 2 0.084 uf 0 14a 
Ae aa ean ed 0.0184 5 0.04a 4 0.05a 2 0.084 1 0.094 1 0 14a 
NS Fe een an 0.0194 4 0.04a 3 0.05a | 38 0.084 1 0.09a 1 0. 14a 
BD AR Bea dear aC 0.021a 6 0.05a 3 0.07a | 1 0.12a 1 0.154 
cB errata ten 0.0234 5 0.054 3 0.084 1 0.12a 1 0.154 
LO ics eke 0.025a 3 0.05a | 4 0.084 1 0.12a 1 0.162 
Tees 0.0284 3 0.06a 3 0.09a 1 0.124 1 0.174 
Bea ane nies 0.032a 2 0.07a | 3 0.090 1 0.184 1 0.184 
Teoted tae ce 0.036a 3 0.084 2 0.134 1 0.20a 
OME SER hehe oe 0.044 3 0.10a 1 0.154 1 0.224 
Lie RE crs CR 0.054 2 0.124 1 0.164 1 0.234 
LASERS Se eae 0.074 2 0.164 1 0.26a 
ye Gece as 0.094 1 0.214 1 0.30a 
Beets: 0.130 | 1 | 0.87 ue Chive cheee 


Instructions For Usx.—Determine from formulas (117) or (118) and Table 67 the value of N, the 
number of stirrups for one triangle and from formulas (119) or (120) the value of a, the base dimension of 
the triangle. With these values of N and a enter the table and compute the stirrup spacing. 


Instructions For Usp or Diacrams 69, 70, 71 


These diagrams give stirrup locations for either vertical or inclined stirrups (at the level of the mid- 
depth of beam), measured in terms of a from the high end of the trapezoid under the shear curve (see Fig. 7 
or 9). Enter the proper rectangle, as determined by N, the number of stirrups computed by equation (117) 
or (118) and Table 67. Take a straight-edged slip of paper and lay it horizontally across this rectangle at the 


V : > 
value of aaa determined from the trapezoid under the shear curve for which stirrups are being designed. 


1 
Mark on the edge of the slip of paper the intersections with the two marginal lines and with each curve num- 
bered from 1 to N. Now place this slip on Diagram 72 horizontally with the value of a as indicated on the 
margin equal to a from the shear trapezoid. Read off and record the stirrup locations (as measured from 
high side of the trapezoid) at each of the marks on the slip. The differences between successive stirrup loca- 
tions give the Haat) pee Bar we ee fetal must be provided, if necessary, to reduce the 
maximum spacing to 34d for beams in which the unit shearing stresses do not exceed .06/" 3 

with higher shearing stresses. (See 1928 Joint code, Section 803.) eee ASE eae 
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DiacraM 69.—SpacinG oF 1 To 7 STIRRUPS 
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See instructions for use under Table 68. 
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Diacram 70.—Spacine or 8 ro 14 Srirrurs 
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See instructions for use under Table 68. 
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Diacram 71.—Spacina or 15 ro 20 Srirrups 
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See instructions for use under Table 68. 
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Diagram 73.—SHuar VALUES ror Bars Bent Up in SinGue PLANE 
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Instructions For Usr.—This diagram gives designs in accordance with formula (15) in section 803 of 
the code and excludes any design not in conformity therewith. The upper portion of this diagram is given 
for convenience in translating “rise” and ‘‘run’”’ dimensions into slope or ratio of run to rise. 

With this ratio enter the lower diagram at the left (or right) margin and proceed horizontally to an inter- 
section with the bar size used. From this intersection drop vertically and read off the shear resistance of 
one bar on the bottom scale. Multiply this by the number of bars bent up in the single plane to obtain the 


total shear resistance. 

This diagram applies to one or more bars bent up in a single plane at any angle with the horizontal within 
the limits indicated at the right margin. The indicated shear resistance may be considered effective only 
in that portion of the beam within which the center 34 of the bent portion of the bar lies. The total shear 
resistance of the beam is the sum of resistance of the bent up bars as found above plus the resistance of the 


concrete by formula (114). 
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Dersian or Two Way Suazss Supportep on BEAMS 


Diagram 74.—Disrrisution or LoaD BETWEEN LONG AND SHORT 
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Instructions ror Usx.—The same moment coefficients are used for design strips in two-way slabs 
within the middle half of the slab in each direction as are used for beams under the same conditions of support 
and restraint. In the outer quarters, the reinforcement parallel to the supporting beam may be reduced to 
50 per cent of that in the middle half in the same direction. 


For any ratio of length to breadth this diagram gives the proportion of the total dead and liye load which 
the slab must be designed to carry and which it transmits to the supporting beam. The supporting beam 
must be designed to carry in addition to its own weight and superimposed live load a uniform load throughout 
its length equal to the load per foot brought to it by the middle strips on either side: 
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ARRANGEMENT OF REINFORCEMENT IN FLAT SLAB FLOORS, 
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FIG. 14.—TWO-WAY. FIG. 15.—FOUR-WAY. 


INsTRUCTIONS FoR Use or DiAGRAms 77, 79, 81, ETc., TO 91 


These diagrams are to be used for square panels, of either two-way or four-way arrangement, surrounded 
by other interior or exterior panels of the same size, shape and loading. They apply to interior panels when 
used in conjunction with Table 75 and to exterior panels with full size capitals when used in conjunction 
with Tables 75 and 76 jointly as described in the notes under Table 76. Diagrams 79, 83, 87 and 91 are 
based on the use of forms giving column capitals 0.2251 in diameter. Diagrams 77, 81, 85 and 89 are based 
on the use of metal forms with the usual 6-in. intervals between successive sizes. 


In selecting bars to fit the areas determined from these diagrams and Tables 75 and 76 the area actually 
provided in bent bars must not be reduced as this would result in a deficiency over the column head. It is 
entirely proper to reduce the actual area in the straight bars of any strip by the amount of the excess in area 
actually provided in the bent bars of the same strip. 


These diagrams are based on a minimum of one inch of fireproofing between all bars and the slab surfaces. 


Instructions For Use or Dracrams 78, 80, 82, nTc., TO 92 


Enter the diagram at the top with the side dimension of the square panel and drop vertically to an inter- 
section in the upper group of curves with the proper curve for the live load used in design. Read off the 
volume of concrete by moving horizontally from this intersection to either side scale. 

In the same manner drop on the same vertical line to the middle and lower group of curves, successively, 
and read off the area of formwork and the weight of reinforcing steel on the side scales. 
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Design CoErFFICIENTS FoR FLAT SuaB FLoors 


TABLE 75.—SqQuareE INTERIOR PANELS 


Diagrams 77, 79, etc., inclusive give slab thickness, column capital diame- 
ters, dimensions of square dropped panels and values of As; for both two-way 
and four-way flat slabs, with live loads varying from 100 to 300 lb. per sq. ft. 
and with panel sides from 16 to 24 feet. To complete the design proceed as 
follows: 

The thickness of the dropped panel is always equal to one-half of the slab 
thickness from the diagram. 

For two-way flat slabs the area of bars in each strip bears the following 
relation to As from the diagrams: 

The area of the bent bars in each middle strip is 0.89 As. 

The area of the straight bars in each middle strip is As. 

The area of the bent bars in each column strip is 1.56 As. 

The area of the straight bars in each column strip is 0.78 As. 


The area of the straight bars, which must be added in the top of the slab 
over the column head in each column strip is 0.36 As. 

For four-way flat slabs the area of bars in each band, taken at right angles 
to the direction of the band, bears the following relation to As from the 
diagrams: 

The area of bars in each top band, across the direct band, is As. 

The area of the bent bars in each diagonal band is 0.67 As. 

The area of the straight bars in each diagonal band is As. 

The area of the bent bars in each direct band is At 

The area of the straight bars in each direct band is 1.22 As. 


The shearing and compressive unit stresses and the amount of reinforce- 
ment at the column head will not require computation where these diagrams 
are used in the manner set forth above. 

The coefficients apply to interior panels surrounded by other interior or 
exterior panels approximately the same size and shape and subjected to the 
same loading. 
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Design CoErrricieENts FoR FLAT SuAB FLOORS 


TasLE 76.—SprectaL REQUIREMENTS FOR SQUARE EXTERIOR PANELS 


For two-way flat slabs the area of bars in each strip bears the following 
relation to As from the diagrams: 

The area of bent bars for each middle strip perpendicular to the wall is 
1.11 As. 

The area of straight bars for the same strip is 1.12 As. 

The area of bent bars for each column strip perpendicular to the wall is 
1.95 As. 

The area of the straight bars for the same strip is 0.98 As. 

The area of the straight bars, which must be added in the top of the slab 
over the exterior column head is 1.18 As. 

No additional straight bars in the column strip perpendicular to the wall 
will need to be added over the interior column head adjacent to the exterior 
panel. 

For four-way flat slabs the area of bars in each band bears the following 
relation to As from the diagrams: 

The area of bars in the top band across the direct band at the wall side 
of the panel will be 0.625 As. 

The area of the bent bars in each diagonal band will be 1.13 As. 

The area of the straight bars in each diagonal band will be 0.75 As. 

The area of the straight bars which must be added in the top over the 
exterior column head in each diagonal band will be 0.22 As. 

The area of the bent bars in each direct band perpendicular to the wall 
is 1.67 As. 

The area of the straight bars in each direct band perpendicular to the 
wall is 1.11 As. 

Norre.—The slab and dropped panel thicknesses are taken from Diagrams 
77, 79, etc., and are the same as for interior panels of the same size, shape and 
loading. 

These coefficients apply only. to exterior panels surrounded on three sides 
by other exterior or interior panels of the same size and shape and subject 
to the same loading. The column capitals at the wall must be the same size 
as for interior panels, except as cut off by the building line, in order for this 
table and the accompanying diagrams 77, 79, etc., to apply. 

The steel area in strips parallel to the wall will be identical to the steel 
area found by Table 75 for the corresponding strips of an interior panel, 
except that the strip lying along the wall will have only a portion of the 
width of an interior strip and will be designed in accordance with section 1011 
of the 1928 Joint code. 

Steel areas in the strips in both directions in corner panels will be deter- 
mined solely by this table. 
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| Drsian or Two-Way or Four-Way Fiat Sap FLoors 


DiaGram 77.—2000-L8. Concrete—Merat Cotumn Forms 
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For instructions for use see general note under Fig. 14, page 651, 
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QUANTITIES FoR Two-Way or Four-Way Fiat StAB FLoors 


Diaaram 78.—2000-L8. Concrete—Mertat Coutumn Forms 
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For instructions for use see general note under Fig. 14, page 651. 


DESIGN AND Cost Data ror THE ButLpInc Cops. 


656 


Design or Two-Way or Four-Way Fiat Stas Fioors 


Diacram 79.—2000-LB. Concrere—0.2251 Caprran 
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For instructions for use see general note under Fig. 14, page 651. 
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QUANTITIES FOR Two-Way or Four-Way Fuatr Suas Frioors 


Diacram 80.—2000-L8. Concrerr—0.225] CaPrran 
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For instructions for use see general note under Fig. 14, page 651. 
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Design oF Two-Way or Four-Way Fuat SuasB FLoors 


Diagram 81.—2500-LB. Concrete—Mertat Cotumn Forms 
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For instructions for use see general note under Fig. 14, page-651. 
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QUANTITIES FOR Two-Way or Four-Way Fiat Stas Frioors 


Diacram 82.—2500-LB. Concrere—Murrat Coutumn Forms 
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For instructions for use see general note under Fig. 14, page 651. 
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Desian or Two-Way or Four-Way Fiat Suasp Fioors 
Dracram 83.—2500-LB. ConcrerE—0.2251 Caprran 
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For instructions for use see general note under Fig. 14, page 651. 
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QUANTITIES FOR Two-Way or Four-Way Frat Suas Fioors 
DiaGram 84.—2500-LB. Concrets—0.2251 Caprran 
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For instructions for use see general note under Fig. 14, page 651. 
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Dersian oF Two-Way or Four-Way Fiat SiasB Fioors 
Dracram 85,.—3000-LB. Concrete—MertaLt Cotumn Forms 
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For instructions for use see general note under Fig. 14, page 651. 
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QUANTITIES FoR Two-Way or Four-Way Frat SLAB FLoors 
Diacram 86.—3000-LB. Concrere—Merrant Conumn Forms 
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For instructions for use see general note under Fig. 14, page 651. 
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Design oF Two-Way or Four-Way Fiat SiuasB FiLoors 


DracraM 87.—3000-LB. ConcrEeTE—0.2251 Caprrau 
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For instructions for use sce general note under Fig. 14, page 651. 
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QUANTITIES FoR Two-Way anv Four-Way Fuar Stas Froors 
Diagram 88.—3000-LB. Concrers—0.225l CAaprran 
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For instructions for use see general note under Fig. 14, page 651. 
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Design or Two-Way or Four-Way Fiat Suas FLoors 
DracRamM 89.—3750-LB. ConcreteE—MetraLt Cotumn Forms 
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For instructions for use see general note under Fig. 14, page 651. 
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QUANTITIES FOR Two-Way or Four-Way Fiat Suap FLoors 


Diacram 90.—3750-L8. Concrerse—Merrat Cotumn Forms 
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For instructions for use see general note under Fig. 14, page 651. 
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Drstan or ‘Two-Way or Four-Way Fiat SLAB FLOORS 
DiaGRAm 91.—3750-LB. Concrete—0.225l Caprran 
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For instructions for use see general note under Tig. 14, page 651. 
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QUANTITIES FOR Two-Way or Four-Way Fuat Snap FLooRs 
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Diagram 92.—3750-18. ConcreTE 


aN 
SUE a Sr ee gees 8 
: S S S ~ 2 
ie te x 
) iy) iN 
N OQ 0 
| 
* 
ev 
@ 
Leet % X 
c 
¥ ) 
Oo ~ 
¢ 9 
S 9 % S 
VN X& N Q 
S St 
0 
> 
cS Q = 
w 
9 
: a) 
Q i 
iS S SS 
ae x < oe 
SRC eG. LO MO! S ¥ Aa Sn Ogee eee 


webs vad yf bo 
ef9IVOD YO aWN/OY 


NS 9) 

Ce oe be 2 : wy bs ved Sspyunog 

¥f 6 4ad 44 'bS SFLUPWIIIOLU/ IY fO LY S/aff 
SWwI0y JO 09Iy 


Side oF Sguare Pane/snfeer 


For instructions for use see general note under Fig. 14, page 651. 
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Diagram 93.—Loap Repuction In Lone CoLumns 
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INSTRUCTIONS FOR Usx.—This diagram is based on a reduction in load for columns in which the unsup- 
ported length exceeds eleven times the least dimension of the column section. 


The upper portion gives values of R, the radius of gyration of the transformed section, in terms of the 
core diameter of a spiral column as used in design. For a tied column the value of R may be taken without 
considerable waste as that of the concrete alone or as 0.29 times the least dimension of the rectangular column. 


The lower portion of the diagram gives the ratio of the load permitted on a long column to that permitted 


on an ordinary column by the formulas appearing in the diagram. Enter the diagram with the value of h, 
the unsupported column length divided by F the radius of gyration, move vertically to the proper sloping 
index line and then horizontally to the marginal scale and read off the allowable proportion of load. 


Composite columns are governed by the same load-reduction formula as spiral columns. 
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Diacram 94.—Drsien or Sprrat Corumn—2000-Lz. ConcrETE 
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Diramerer of Column Core in Inches 


See instructions for use under Diagram 100. 


p = .04 when - = 1280, (See Section 1103-b of the code.) 
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DiaaraM 95.—DerEsian or SprraL Cotumns—2500-LB. CoNcRETE 
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See instructions for use under Diagram 100. 


1p 
p = .04 when eG 1370. (See Section 1108-b of the code.) 
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Dracram 96.—Desian or Spina, CoLumns—3000-Lz. CoNCRETE 
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See instructions for usefunderfDiagram 100. 


p = .04 when F = 1470. (See Section 1103-b of the code.) 
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DraqgraM 97.—Desian or SprraL CoLuMNs—3750-LB. CONCRETE 
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See instructions for use under Diagram 100. 


p = .O4 when “- = 1630, (See Section 1103-b of the eode.) 


Diometer of Column Core in Inches 
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Diagram 98.—Dzsien or Sprran Cotumns—5000-LB. Concrers 
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See instructions for use under Diagram 100. 


p = 04 when = 1920. (See Section 1103-b of the code.) 
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Diagram 99.—SeiEection Cuart For CotuMN REINFORCEMENT | 
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Instructions For Usu.—This diagram is really two diagrams superimposed for convenience—a spiral 
selection diagram made up of the left, left-center and right scales and a vertical bar selection diagram made 
up to the left, right-center and right scales. It is to be used in connection with Diagram 100 to select vertical 
bars in round tied columns and in the design of composite columns 


This is an alignment chart, read by the aid of a straight edge, preferably the edge of a celluloid triangle 
on account of its transparency. Set the straight edge on the right hand scale to the diameter of the effective 
column section and on the left scale to the required percentage of spiral reinforcement and read off the spiral 
wire and pitch at the intersection of the straight edge with the left-cen‘er scale. For the vertical bars, set the 
straight edge on the right hand scale as before and on the left hand scale to the percentage of tertical rein- 
forcement. Read off the number and size of vertical bars at the intersection of the straight edge with the 
right-center scale, 
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Dracram 100.—Desien or Trep CoLUMNS 
2000-LB., 2500-LB., 3000-LB. AND 3750-LB. CONCRETE 
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INSTRUCTIONS FOR Usz.—The area A is the full area of the column section including the fireproofing, 
but the vertical bars are required to be set 2 inches in the clear from the surface. 

The minimum vertical steel permitted is 4-94 in. rd. bars. The ties must be at least 14 in. rd. in size, 
spaced not over 12 inches on centers, and must be so arranged as to afford support to each vertical bar in at 
least two directions, as called for by Section 1104 of the code. 


GENERAL INSTRUCTIONS FoR Use oF DiAcrams 94 To 98 


This is an alignment chart, read by the aid of a straight edge, preferably the edge of a celluloid triangle 
on account of its transparency. Set the edge on the right hand scale to the diameter of the column core and 
on the left hand scale to the value of P/A (stress in lb. per sq. in. of core area). Read off the spiral wire and 
pitch at the intersection of the straight edge with the left-center scale and the number and size of longitudinal 
bars at the intersection with the right-center scale. A is found from Table 105. 
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01.—PrRcENTAGES AND WeIcHTS of 14-1IN. RounD SPIRALS 
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TABLE 102.—PmrRcENTAGES AND WeIGHTS oF 34-1n. RounD SPIRALS 


See instructions for use under Table 101. 
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TaBLE 103.—PERCENTAGES AND WEIGHTS OF 14-1In. Rounp SPIRALS 
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See instructions for use under Table 101. 
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TABLE 104.—PERCENTAGES AND WEIGHTS or 5£-IN. Rounp Sprraus 
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See instructions for use under Table 101. 


> * @ (pitch) 


, 


For spirals of heavier wire or larger diameter than are included in Tables 101 to 104, the percentage may 


computed approximately by the formula: 
das 


percentage of area of circle of diameter, d. 


cross sectional area of spiral rod. 


d = diameter of spiral (generally listed as overall or outside diameter). | ; 
pitch = distance between centers of successive turns measured parallel to axis of spiral. 


as = 


in which p’ 
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TaBLE 105.—Prrimeters, VOLUMES AND Core AREAS FOR RouND CoLUMNS 


: Rd. Column 
Diameter Caen Pesineter Volume, cu. ft. per ft. 
. Column, in. | Core, in. Scher Ft. In. Round Octagonal Square 
earl 100 py tlean-as Ss 2 
ee a ora Baas 1.07 1.13 1.36 
12 113.1 

16 B 132.7 42 1.40 1.47 1.78 
14 153.9 22 

18 15 176.7 4 9 Lvs 1.86 5 
16 201.0 

20 17 227 0 5 3 ‘ 2.18 2.30 2.78 
18 254.5 9 

22 19 283.5 5 9 2.64 2.78 3.36 
20 14. 

24 21 346.4 6 3 3.14 3.31 4.00 
2 380.1 

26 23 415 4 6 10 3.69 3.89 4.69 
24 452.4 

28 25 490.9 (fae! 4.28 4.51 5.44 
26 9 = 

30 97 572.6 AO 4.91 5.18 6.25 
28 615.8 

32 29 860.5 8. 5 5.58 5.89 712 
30 706.9 

34 31 754.8 S. tit 6.30 6.55 8.02 
32 804.2 

36 33 895.3 9 5 7.07 7.46 9.00 
34 907. 

38 35 962.1 10 0 7.88 8.31 10.03 
6 iM 9 

40 37 1,075.2 10 6 8.73 9.21 Hedt 


Tastrfl06.—Votumes or Frat Stas Cotumn Suarrs AND CapiTats 


Round Columns : Square Columns 

pie ok Diameter of Column Capital Side ee Side of Column Capital 
of of of of 

Col- | Col- Col- | Col- 

umn | umn | 3 ft. | 4ft. | aft. | 5ft. | 5ft. | oft. | umn | ann | Sift. | aft. | aft. | ott, | set. | ort, 

Shaft | Shaft} 6in. | Oin. | Gin. | Oin. | Gin. | Oin. | Shaft Shaft} Sin. | Oin. | Gin. | Oin. | Gin. | Oin. 
14 LO (MVE. 20 leetanee eee | iearcte Moai) oe 1.36)" 6.681) f2 ||. 06. 
16 LAOWy Ac80 i EGU eae ee oe 16 E78) PONS Os67i en 
18 1.77} 4.88] 7.07| 10.58] ... a5 18 2.25) 5.59} 9.01) 13.49 
20 2.18] 3.93) 6.52] 9.94] 14.30] .... een 20) 2.78] 5.01} 8.30} 12.66] 18.21] ....].... 
22 2.64) 3.48) 5.95) 9.25] 13.48] 18.75 ral ee 8.36] 4.43] 7.57] 11.79] 17.18] 23.90] .... 
24 3.14} 3.02} 5.36] 8.54] 12.66] 17.80] 24.08] 24 4.00} 3.85} 6.83] 10.88] 16.12] 22.68] 30.67 
26 3.69} 2.55] 4.78] 7.83] 11.80] 16.82] 22.96] 26 4.69} 3.26] 6.09] 9.96} 15.03] 21.41] 29.93 
28 4.28} 2.13] 4.18] 7.08} 10.91] 15.78] 21.76] 28 5.44) 2.71] 5.33] 9.03] 13.90} 20.09} 27.71 
30 4.91) 1.70) 3.60) 6.34] 10.00] 14.72] 20.54] 30 6.25} 2.16] 4.59) 8.08] 12.75] 18.75] 26.17 
32 5.58] .... | 3.04] 5.60} 9.12] 13.66] 19.31] 32 7.11) .... | 3.87] 7.14] 11.61] 17.40] 24.60 
34 6.30] . 2.48] 4.89) 8.21] 12.58] 18.05] 34 8.03] . 3.18} 6.23] 10.46] 16.01] 23.00 
36 T07i\ 9 2.01) 4.20] 7.82] 11.50] 16.78] 36 9.00} . 2.51} §.35} 9.32] 14.66] 21.38 
38 7.88] . .... | 8.58! 6.44] 10.40] 15.51] 38 | 10.02 .... | 4,50] 8.20) 18.27] 19.76 
40 8.73 2.88] 5.60] 9.86] 14.24] 40 | 11.11 3.67} 7.13} 11.91] 18.13 
42 9.62 2.26) 4.78] 8.31] 12.96] 42 | 12.25 2.90} 6.09] 10.59] 16.51 
44° | 10.56) oe its. ep] acre us OOl mAeO dyad |e Aa geal ewe [Lawes fl neee. | O.Od limon 14-98 
Ad) LLO4S enh ec Women |nisced mmOSd tint Or4SiinraG 14:69) voice [Paes oi |) voces [eeeed4 | 08104) 13°36 
48 | 12.67) ....]....].... | 2.55] 6.36] 9.29] 48 16:00) 5 ier) Sorveni|) comer ie Cheol OLB4I 1 1LRo 


See note under Table 107, next page. 
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Taste 107.—ARrzAS AND PERIMETERS OF RounD SECTIONS 


Diameter Area Perimeter Diameter Area Perimeter 


Ft. In. In. Sq. In. Sq. Ft. Ft. Ft. In. In. Sq. In. } Sq. Ft. Ft. 


1-1 13 132.7 0.92 3.4 55 2,376 16.50 14.40 
1-1 14 153.9 1.07 3.6 56 2,463 17.10 14.66 
1-3 15 176.7 1.23 3.9 57 2,552 17.72 14.92 
1-4 16 201.1 1.40 4.1 58 2,642 18.35 15.18 
1-5 17 227.0 1.58 4.4, 59 2,734 18.99 15.45 
1-6 18 254.5 ieee 4.7 60 2,827 19.63 15.71 
1-7 19 283.5 1.97 4.9 61 2,922 20.29 15.97 
1-8 20 314.2 2.18 5.2 62 3,019 20.97 16.23 
1-9 21 346.4 2.41 5.5! 63 3,117 21.65 16.49 
1-10 22 380.1 2.64 5.7 64 3,217 22.34 16.76 
1-11 23 415.5 2.89 6.0; 65 3,318 23 .04 17.02 
2-0 24 452.4 3.14 6.2 66 3,421 23.76 17.28 
2-1 25 490.9 3.41 6.5 67 3,526 24.48 17.54 
2-2 26 530.9 3.69 6.8 68 3,632 25.22 17.80 
2-3 27 572.6 3.98 7.0 69 3,739 25.97 18.06 
2-4 28 615.8 4,28 7.3 70 3,848 26.72 18.32 
2-5 29 660.5 4.59 7.5 71 3,959 27.49 18.58 
2-6 30 706.9 4.91 7.8 72 4,072 28.27 18.85 
2-7 31 754.8 5.24 8.1 73 4,185 29.06 19.11 
2-8 32 804.2 5.58 8.3 74 4,301 29.87 19.37 
2.9 33 855.3 5.94 8.6 75 4,418 30.68 19.63 
2-10 34 907.9 6.30 8.8 76 4,536 31.50 19.90 
2-11 35 962.1 6.68 9.1 77 4,657 32.34 20.16 
3-0 36 1,017.9 7.07 9.4 78 4,778 33.18 20.42 
3-1 37 1,075.2 7.47 9.6 79 4,902 34.04 20.68 
3-2 38 1,134.1 7.88 9.95 80 5,027 34.91 20.94 
3-3 39 1,194.6 8.30 10.21 81 5,153 35.78 21.21 
3-4 40 1,256.6 8.73 10.47 82 5,281 36.67 21.47 
3-5 41 1,320.3 9.17 10.72 83 5,411 37.58 21.78 
3-6 42 1,385.4 9.62 10.99 84 5,542 38.48 21.99 
3-7 43 1,452.2 10.08 11.26 7-1 85 5,674 39.40 22.25 
3-8 44 1,520.5 10.56 11.52 7-2 86 5,809 40.34 22.51 
3-9 45 1,590.4 11.04 11.79 7-3 87 5,945 41.28 22.78 
3-10 46| | 1,661.9 11.54 12.04 7-4 88 6,082 42.24 23.04 
3-11 47 1,734.9 12.05 12.31 7-5 89 6,221 43,20 23 .30 
4-0 48 1,809.6 12.57 12.57 7-6 90 6,362 44.18 23.56 
4-1 49 1,885.7 13.10 12.83 7-7 91 6,504 45.17 23 .82 
4-2 50 1,963.5 13.64 13.10 7-8 92 6,648 46.16 24.09 
4-3 51 2,042.8 14,19 13.35 7-9 93 6,793 47.17 24.35 
4-4 52 2,123.7 14.75 13.61 7-10 94 6,940 48.19 24.61 
4-5 53 2,206.2 15.32 13.88 7-11 95 7,088 49 22 24.87 
4-6 54 2,290.2 15.90 14.14 8-0 96 7,238 50.27 25.13 


InsrRuctIons ror Use or Taniz 106. For octagonal columns and capitals add 5}4 per cent to values 
given for round columns and capitals. Volume of concrete in column shafts is given in cubic feet per foot of 
height. For column capitals it is given in cubic feet and includes only the concrete in the capital outside 
the surface of the column enclosed in the capital. 
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PROPORTIONS ADOPTED FOR DESIGN DIAGRAMS FOR SQUARE FOOTINGS. 
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FIG. 16.—FLAT-TOP FOOTINGS. FIG. 17.—SLOPED-TOP FOOTINGS, 


2o+.25h 
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e 
Instructions ror Usr or Diacram 108 


This diagram applies only to footings of the standardized proportions shown in Figs. 16 and 17. If the 
footing bars are straight and extend to within 2 inches of the edges of the footing the value of rc is 0.02 f’c. 
If the footing bars are provided with special anchorage the total length of the hooked bar being the overall 
width of the footing plus 20 bar diameters, the value of 1c may be taken as 0.03 f’c. The value of w is the 
load at the top of the footing divided by the area of the base of the footing. dis the effective depth of footing 
to the reinforcing steel and 6 the side of the square base of the footing. 


Instructions ror Use or Diagram 109 


This diagram is based on special anchorage of footing bars where higher shearing stresses (0.03 f’c) are 
used in the design. It applies only to square footings, either sloped or flat topped, of the standardized pro- 
portions shown in Figs. 16 and 17. The length of footing bars must be equal to the overall width of the base 
of the footing plus twenty bar diameters. 


To determine the maximum bar size enter the diagram with the side of the footing, and proceed vertically 
to the sloping index line marked with the strength of the concrete (2000 to 3750-Ib.) and the kind of bar (plain 
or deformed) to be used. From this intersection pass horizontally to the marginal scales and use a bar not 
larger than the size at or next below this point on the scale, 


Instructions ror Usp or DIAGRAMS 118, 115, 117, nrc., To 143 


Enter the diagram at the top with the load to be applied at the top of the footing. For small piers this 
will be the same as the basement story column load. Proceed vertically to an intersection with that one of 
the upper index lines marked with the strength of the concrete to be used in the design and read off the volume 
of concrete required for one footing (without pier). Proceed vertically to an intersection with the middle 
group of index lines and here read off the square feet of formwork required for one footing (exclusive of the 
pier forms). No forms are included for sloping tops of footings, as the concrete for such footings should be 
made stiff enough to place without top forms. Continue vertically to an intersection with the lower group 
of index lines and read off the weight of reinforcing steel required for one footing. No column dowel bars are 
included and no stirrups or other web reinforcement are necessary. Every bar is bent with a hook at each end. 
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Diagram 108.—Errecrive}Depra or Foorines 
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See instructions for use under Fig. 16, page 148. 


Diagram 109.—Maximum Bar Size in Foorinas 
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See instructions for use under Fig. 16, page 684. 
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Diagram 110.—TRANSFER OF Cotumn Loap to Top or Pier 
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Instructions For Usu. —In this diagram 

A is the area of the top of pier or footing. 

A’ is the loaded area of the top of pier or footing that is the area of the column section used in design. 

ra is the permissible unit load on the loaded area. 

When using the increased value of ra (on account of spiral reinforcement in the pier) as given in the 
lower part of the diagram, the value of A must be taken as the area of the top of the pier within the outside 
diameter of the spiral and this value of A must be used in both the upper and lower portions of the diagram and 
the two values of ra added, to get the total permissible unit load where a spiral is used. See instructions 
under Table 104 for definition of symbols used in formula for p’. 

The column vertical bars, or an equal steel area in the form of dowels, must extend at least 24 bar diame- 
ters for deformed bars or 30 bar diameters for plain bars above and below the base of column. 
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Diagram 111.—Torat Tuickness oF Foorincs WHEN Uc = 0.03 f’c 
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Instructions ror Uss.—This diagram gives an approximate indication of the thickness of footing 
required when the footing bars are anchored as described under Fig. 16. Flat-top footings are based on 
the standardized proportions shown in Fig. 16 and sloped-top footings on those of Fig. 17. For soil pressures 
eo oe 6000-lb. per sq. ft. the total thickness of footings will be slightly less than the values taken from 
this diagram. 


Instructions ror Usp or Dracrams 112, 114, 116, ntc., To 142. 


Enter this diagram at the top with the load applied at the top of the footing. For small piers this will 
be the same as the basement column load. Proceed vertically to an intersection with that one of the upper 
index lines marked with the strength of concrete to be used in the design and read off the dimension in feet 
of the side of the square base of the footing. Continue vertically to an intersection with the middle group of 
index lines and here read off the total thickness of the footing in inches. Continue vertically to an inter- 
section with the lower group of index lines and read off the area in sq. in. of the bars required in each of two 
directions. Use Diagram 109 to determine maximum size of footing bar. 
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Drsien or Stopep-Tor Footings WITH ve = 0.03 f’, 
Dracram 112.—3000-LB. Som — 2000-LB. anp 3000-LB. ConcRETE 
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See instructions for use under Diagram 111, page 687. 
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QUANTITIES FoR SLopep-Tor Foorines with Ue = 0.03’, 
Dracram 113.—3000-1B. Sort—2000-LB. AND 3000-LB. ConcreTE 
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See instructions for use underJFig. 16, page 684. 
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Desien oF Siopep-Topr Footings WITH vc = 0.03 f’, 
Dracram 114.—4000-L8. Som — 2000-18. anp 3000-LB. ConcRETE 
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See instructions for use under Diagram 111, page 687. 


DEsIGN AND Cost DATA FOR THE BurupIna Cops. 691 


QUANTITIES FoR StopEep-Tor Foorinas WITH Vp = 0,038/'o" 
DriaGram 115.—4000-Lz. Sort—2000-rx. AND 3000-LB. Concrete 
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See instructions for use under Fig. 16, page 684. 


692 DrEsIGnN AND Cost Data FoR THE Burm~pING Copr. 


Dersian or StopEp-Tor Foormnes witn vec = 0.03 f’, 


Diagram 116.—5000-LB. Som — 2000-18. anv 3000-LB. Concrete 


load ot Top of Footing sn Thousands of Pounds 
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Load of Too oF Footing 12 Thousends of Pounds 


See instructions for use under Diagram 111, page 687. 


OQ O 
oO £20 500 750 /000 /250 1500 7750 2000 


DESIGN AND Cost DATA FOR THE BuILpiIna Cops. 


QUANTITINS FoR Stornp-Top Pootinés With », = 0.03f/¢ 
Diacram 117.—5000-zp. Soit—2000-LB. ann 3000-i8, Concrerm 


59.7% of formwork per Footing, 
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See instructions for use under Vig. 16, page 684. 
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694. Design anp Cost Dara FOR THE BurLpiIna Copr. 
Drsien oF Suopep-Top Foorines WITH vc = 0.03 f’, 
Diagram 118.—6000-Lz. Som — 2000-LB. anp 3000-LB. CoNCRETE 


Lood at Top of footing in Thousonds of Pounds 
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See instructions for use under Diagram 111, page 687, 


S9./7% of Formwork per Footing 


DeEsiaN AND Cost DATA FOR. THE Burtptna Cope. 


QUANTITIES FOR Storep-Top Moormas wrrit Ve = 0.08f"¢ 


Diacram 119.—6000-LB. Som—2000-LR. AND 3000-L2. ConcretTE 


4000 of Top of footing ip Thousonds of Pounds 


Q 300 600 900 _/200 _/500 _/800 2/00 2400 
LE Seats] i} 
h /00 
| ; 
}. 
=| 0007+ ae 
50 / 
{200} — 
WO 
my) 
oO 901/409 ara 
90 
800 
700 6000 
6/00 1 
50 0 
y r ] kd $000 000 
- 5? | ss 
300, inf 
00 cf? ee 
/00 | can 4000 4000 
es C ny 1 
300. (000 
000 < B 000 
| re GZ 
aN It 
100 maa. AE, /000 
Zi 1 aes | at is f oe 0 
% 300° 600 900 /200 [500 KOO 200 2400 


Load af Top of footing 172 Thousards of Pounds. 


See instructions for use under Fig. 16, page 684. 
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Wr of Rep forcement -Lb. per footing 


696 DEsIGN AND Cost DATA FOR THE BUILDING CODE. 


Design or Siopvep-Top Foorines with v, = 0.03f". 


Diagram 120.—3000-LB. Som—2500-LB. AND 3750-LB. CONCRETE 


Lood at Top of Foorin 
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Lood at Too of Footing tn Thousands of Pounds 


See instructions for use under Diagram 111, page 687. 
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DESIGN AND Cost Data FOR THE Buitpine Cops. 697 


QUANTITIES FOR Stopep-Top Foorines witn Ve = 0.08f'¢ 
Diacram 121.—3000-z8. Sor:—2500-LB. AND 3750-LB. CONCRETE 


Load oF Top of Footing in Thousands of Pounds 
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See instructions}for useJunder Fig. 16, page 684. 


698 DestGN AND Cost DavTA FOR THE BuILpING CopE. 


Design or Suropep-Top Foorines witH vc = 0.03f". 
Dracram 122.—4000-LB. Som—2500-LB. AND 3750-LB. CONCRETE 
Load af Top of footing 11 Thousands of Pounds 
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See instructions for use under Diagram{111, page 687. 


DrsiaN AND Cost Data FoR THE BurLpING CopE. 699 


QUANTITIES FOR Storep-Tor Foorinas with v, = 0.03f’. 
Diagram 123.—4000-LB. Sor—2500-L8. AND 3750-LB. ConcrETE 


Load of Top of footing 1p Thousonds of Pounds 
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See instructions for use under Fig. 16, page 684. 


700 DESIGN AND Cost DATA FOR THE BUILDING CODE. 


DrsiGN oF Stopep-Top Foorrnas with v, = 0.03f’, 
Diacram 124.—5000-LB. So1n—2500-LB. AND 3750-LB. ConcRETE 


Load of lop of Footing tr Thousends of Pounds 
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See instructions for use under Diagram 111, page 687. 


DESIGN AND Cost Data ror THE BuiupinGe Cope. 701 


QUANTITIES FOR Siopep-Top Fourines WITH v¢ = 0.03f’, 
Diagram 125.—5000-zz. Som.—2500-LB. AND 3750-LB. ConcRETE 


lood ofr Top of Footing in Thousands of Pounds 
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Load of Top of footing in Thousands of Pounds 


See instructions for use under Fig. 16, page 684. 


702 DESIGN AND Cost Dara FoR THE BUILDING CODE. 


Dusian oF Siopep-Tor Footines witH v; = 0.03f’. 
DiaGram 126.—6000-LB. Som—2500-LB. anp 3750-LB. CONCRETE 


Lood of Top of Footing /n Thousands of Pounes 
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Lood of Top of footing ip Thousonds of Pounds 


See instructions}for use under Diagram 111, page 687. 
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DESIGN AND Cost DATA FOR THE Burtpina Cope. 703 


QUANTITIES FoR SLopED-Tor Foorines wrrn pv, = 0.03f"¢ 
Diacram 127.—6000-LB. Sorm—2500-LB. AND 3750-LB. CONCRETE 
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See instructions for use under lig. 16, page 684. 


704. DESIGN AND Cost DATA FoR THE BuiItpING CoDE. 


Desten or Fuat-Tor Foorines wWitH vc = 0.03 f’, 
Diagram 128.—3000-LB. Som — 2000-LB. snp 3000-LB.{CoNCRETE 4] 


Lood of Top of footing tr Thousonds of Pounds 
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Lood of Sop of footing in Thousands of Pounds 


See instructi ons for use under Diagram 111, page 687. 


DESIGN AND Cost Data ror THE BurnpiIna Conk. 


QUANTITIES FOR FiLat-Tor Foorines WITH v, = 
Diagram 129.—3000-18. Sor.—2000-n8. anv 3000-18. ConcrETR 
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Load at lopor footing in Thousonds of Pounds 
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See instructions for use under Fig. 16, page 684, 
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Weight of Reinforcement -LL. per Footing 


706 Derstan anp Cost Data FoR THE BuritpInG Cop. 


Desien oF Fiat-Top Foorines witH vc = 0.03 f’, 
Diagram 130.—4000-LB. Sort — 2000-LB. anp 3000-LB. ConcrETE 


Load oF Jop of Footing tr Thousonds of Pounds 
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See instructions for use under Diagram 111, page 687, 
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QUANTITIES FOR Frat-Top Foorinas witH Ue = 0.08", 
Dracram 131.—4000-1B. Sort—2000-18. and 3000-LB. CONCRETE 


Lood of7op of Footing 11 Thousands of Pounds 
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See instructions for use under Fig. 16, page 684. 


Weight of Reinforcement -Lb, per Footing 


708  Drsian AND Cost DaTA FOR THE BUILDING CODE. 


; : 
Dersian oF Fuat-Tor Footines wItH vc = 0.08 f’, 
Diagram 132.—5000-LB. Som, — 2000-LB. snp 3000-LB. ConcRETE 

Lood ot Top oF footing 1n Thousends of Pounds 
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Load at Top of Footing 17 Thousands of Pounds 


See instructions for use under Diagram 111, page 687. 
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DESIGN AND Cost Data FoR THE BUILDING Conn. 
QUANTITIES FOR Fiat-Tor Foorines wirHy, = 0.03f¢' 
Diagram 133-—5000-1B. Som—2000-18. anp 3000-LB. ConcrETE 
Load et Jop of footing /n Thousands of Pounds 
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See instructions for use under Fig. 16, page 684. 
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Werght of Reipforcemert-Lb. per Footing. 


710 DersigN AND Cost Data FOR THE BuILpING CopE. 


Design or Fiat-Tor Footines win v,=0.03 f./ 
Diagram 134.—6000-LB. Sor — 2000-18. anv 3000-18. ConcrETE 
Llood of Joep of footing Ir: Thousonds o* Pounds 
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See iustructions for uses under Diagram 111, page 687. 
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QUANTITIES FoR Friat-Tor Foormngs WITH v¢ = 0.03f’. 
Diacram 135.—6000-L8. Som—2000-LB. AND 3000-LB. CONCRETE 


Lood ef Top of footing in Thousonds of Pounds 
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Lood ot Top of Footing (n Thousonds of Pounds 


See instructions for use under Fig. 16, page 684. 
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Destan or Fuat-Top Foorings WITH v; = 0.03f’, 
Dracram 136.—3000-LB. Sorr—2500-LB. AND 3750-LB. CoNCRETE 


Load of Top of Footing /n Thousonds of Pounds 
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See instructions for use under Diagram 111, page 687. 


DESIGN AND Cost Data FoR THE BUILDING Cope. 


QUANTITIES FOR FLat-Tor Foorines WITH v¢ = 0.03f%, 
DraGram 137.—3000-LB. Som—2500-LB. ann 3750-tB. ConcRETE 


Load o Top of footing in Thousendads of Pounds | 
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See instructions for use under Fig. 16, page 684. 
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Weight of Reinforcement Lb per footing, 


714 DESIGN AND Cost Data FoR THE BuILpING Conk. 
Desten or Frat-Tor Foorines wirn 2, = 0.03f", 
DiaGraM 138.—4000-L8. Som—2500-LB. AnD 3750-LB. ConcRETE 


Lood of 70 PEELE 1p Thousands oF Pounds 
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See instructions for use under Diagram 111, page 687. 
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DESIGN AND Cost Data For THE BuitpInG Conn. 
QuaNTITIES FoR FLat-Tor Foortnas with Ue = 0.03f', 
Diacram 139.—4000-13B. So1t—2500-LB. AND 3750-LR. CONCRETE 
Load of Top of Footing in Thovsonas of Pounns 
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Desien oF Fiat-Top Foorines wii v, = 0.03f’, 
Diacram 140—5000-1B. Sort—2500-LB. anp 3750-LB. Concrete 
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QUANTITIES FOR FLat-Top Foorines witH 0, = 0.03f’¢ 
Diagram 141.—5000-L8. Som—2500-LB. AnD 3750-LB. ConcrETE 


400d at Topof footing tn Thousonds of Pounds 
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See instructions for use under Fig. 16, page 684. 
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Desian oF Fuat-Top Foorines WITH v, = 0.03f’. 
Diacram 142.—6000-18. Som—2500-LB. anp 3750-LB. ConcRETE 
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QUANTITIES FOR Friat-Tor Footinas witH ve = O0877 
Diacram 143.—6000-LB. Somr—2500-LB. AND 3750-LB. ConcRETE 
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PART TWO—COST DATA. 


The cost of reinforced-concrete building construction designed in 
accordance with the 1928 Joint Standard Building Code will vary between 
fairly wide limits in different parts of the country. Where some cities 
pay $2.50 or more per cubic yard for concrete aggregate it may sometimes 
be secured on country jobs for as low as 60 cents. The price of cement 
varies’ considerably and the labor cost is subject to great variations. Many 
other factors, including plant, size of job, number of stories, contracting 
ability, weather and working conditions, and labor rules contribute to the 
variation in building cost. I have therefore given in Tables 145 to 156 the 
quantities of concrete, reinforcing steel, formwork, excavation, ete., from 
which the engineer may compute for himself with little trouble the local 
price differential for the conditions on which he must operate. In Table 144 
and Fig. 18 unit prices have been used, as given later, and the cost com- 
parison given in terms of money. 

I have made complete designs of a typical interior panel, from founda- 
tion to roof, for 96 buildings covering the following range: 


2 Types of Construction : Flat Slab and Beam-and-Girder. 


2 Concrete Strengths : 2,000 lb. and 3,000 Ib. 

2 Panel Sizes : 18 ft. by 18 ft. and 22 ft. 6 in. by 22 ft. 6 in. 
2 Live Loads : 100 Ib. and 300 Ib. per sq. ft. 

2 Soil Pressures : 3,000 lb. and 6,000 Ib. per sq. ft. 

3 Building Heights : 6, 9 and 12 stories. 


In selecting the values for the variables, two choices have been made 
representing a fairly low and a fairly high value. Thus an 18-ft. square 
panel is fairly small while a 22-ft. 6-in. square panel is fairly large. A 
100-Ib. live load is small, a 300-Ib. live load is large. A six-story building 
is quite low and a twelve-story building fairly tall, as current work goes. 

The quantities reported are for the structural framework of the build- 
ing, including roof and floor slabs, but not including exterior walls, brick 
masonry, architectural finish or equipment of any kind. The design was 
carried out in general conformity with the Joint Code, using the tables 
and diagrams given in this paper. In designing, the size of column has 
been maintained the same for all parallel designs between the usual 
2,000-Ib. concrete structure and the structure using stronger concrete. The 
usual design, however, involves 3,000-lb. concrete in the lower story col- 
umns while the higher-conecrete-strength design uses 2,000-Ib. concrete in 
the top stories increasing to 5,000-Ib. concrete in the lower stories. The 
roof, floor slabs and the footings are designed for one concrete strength in 
any one building—2,000 Ib. or 3,000 lb. as the tables indicate. It would 
be possible to manipulate such a comparison to a considerable extent, but 
my intention, carried out with much care and thought, has been to make 
designs in the 2,000-lb. and 3,000-lb. classes, which would represent equally 
good practice in both cases and which would show only that saving in 
materials which naturally results from the use of richer concrete. One of 
the chief savings is the reduction in dead weight of the structure itself 
which shows up mainly in the column and footing quantities. The saving 
resulting from the use of richer concrete may be realized in either one of 
two ways: (1) as in done in this paper, the first cost of the building may 
be reduced, or (2) the size of columns may be greatly reduced resulting in 
a valuable increase in the useable floor areas. 

In Tables 145 to 152 inclusive, quantities are stated for the elements of 
which buildings are composed—roof, floors, columns, footings—and numer- 
ous buildings may be worked out from these tables which are not included 
in Tables 80 to 156 inclusive, where the total quantities for one panel from 
footing to roof for 96 buildings have been assembled. The concrete quan- 
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tities do not include a basement floor on the ground. Formwork has been 
given in square feet of concrete surface in contact with the forms, except 
that steel column forms are given in uniis for one story. Reinforcing 
steel is separated, between bars (both straight and bent) and spiral (in- 
cluding ties and stirrups in the spiral item). Excavation allows 4 inches 
on all sides of the footing and excludes 6 inches of the combined depth of 
footing and pedestal. This is pit excavation only. In four cases where 
3,000-Ib. soil would not support the column load within the panel area, 
concrete piles are indicated, computed for a load of 30 tons each. Items 
containing piles suffer a considerable increase in cost, but in all cases 
where piles have been required with 2,000-Ib. concrete they have been used 
also with the 3,000-Ib. concrete, so that the difference in price is not greatly 
affected. In actual designing, cases may arise where the saving in dead 
weight will make it possible to use spread footings with 3,000-Ib. concrete 
as against piles for 2,000-lb. concrete and so make large savings not shown 
in this comparison. With this information the proper unit cost for each 
item may be readily determined by an experienced estimator. 

The unit costs which I have used in Table 144 and Fig. 18 are as 
follows: 


Reinforcing bars in place $70.00 per ton. 

Spiral, ties and stirrups in place $90.00 per ton. 

Wood formwork, erected and removed, 25¢ per sq. ft. 

Steel column forms, rental and labor, $15.00 per column per story. 
Hand excavation, including backfill, $2.70 per cu. yd. 

Concrete piles, 30 tons capacity, $42.00 each. 


ZO 00 bia con cretepine placement atincne ebay. «aoe $10.95 per cu. yd. 
1.35 bbl. cement and sacks ......... at $2.75 — ' $3.72 
0.59 cu. yd. fine aggregate .......... at 2.50= 1.48 
0.70 cu. yd. coarse aggregate ........ Me Paria» MLAS 


Water (714 gal. per sack) 
Mixing and placing, including plant 
and other overhead charges and 


cost of protecting and curing .... at 4.00 
SOOO bwrconcketer int placermstsncsihs cai cele cts oe a $11.66 per cu. yd. 
1.65 bbl. cement and sacks .......... at $2.75 — $4.54 
0.56 cu. yd. fine aggregate .......... at 2.50— 1.40 
0.69 cu. yd. coarse aggregate ........ abo san 12 
. Water (6 gal. per sack) 
Mixing and placing, including plant 
and other overhead charges and 
cost of protecting and curing .... at 4.00 
DOO be concrete, mw placeay-eisscmtioncs: Gases oars : $13.47 per cu. yd. 
2.4 bbl. cement and sacks .......... at $2.75 == $6.60 
0.41 cu. yd. fine aggregate .......... at 2.50=- 1.02 
0.74 cu. yd. coarse aggregate ........ at, 2.50 ==" 1785 


Water (4% gal. per sack) 
Mixing and placing, including plant 
and other overhead charges and 
cost of protecting and curing .... at 4.00 


The quantities in the mixes given above are based on tests in which 
both gravel and crushed limestone were used for coarse aggregates and 
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in which the slumps varied from 5 in. to 7 in. The maximum size of 
the aggregate was 34 in. 


Advantages of Stronger Concrete—Engineers are so accustomed to 
thinking of concrete for buildings in terms of 2,000-lb. strength at 28 days 
that it may be novel to consider using a 3,000-lb. concrete as the basic mix. 
For a great many years, however, it has been general practice to use 
3,000-lb. concrete in the more heavily loaded columns of buildings. With 
the continually widening use of scientific concrete in recent years, many 
engineers and contractors have discovered that the full economy of scien- 
tific concreting can be secured in 2,000-lb. strength only at the sacrifice of 
workability. In order to keep a concrete of easy working quality on the 
job, contractors are generally—under usual weather conditions—providing 
a concrete of about 2,500-lb. strength in structures where only 2,000-lb. 
concrete is required. This experience has led many engineers to design 
structures in 2,500 or 3,000-lb. concrete in order to utilize the strength 
actually provided on the job. My own experience has led me to believe that 
a slight addition in cement (and a big reduction in water) as compared 
with the old-time practice, will produce a 3,000:lb. concrete which is more 
workable and less permeable at a very small increase in cost over the 
2,000-Ib. variety Even if such a concrete should cost as much in terms 
of the completed building as 2,000-lb. concrete, it would be preferable for 
several reasons. The increased workability due to added cement (as com- 
pared with 2,000-Ib. concrete) will facilitate placing and surfacing and 
so overcome the objection of the field forces to stiff consistencies. The 
added cement and decreased water will greatly decrease the porosity and 
permeability and increase the weather resistance of the concrete. Such 
concrete will attain strength more rapidly and as a result will permit an 
earlier finishing of the work and require protection against low tempera- 
tures for a shorter period. It will also afford a much better bond with 
the reinforcing steel, and thus permit the use of larger bar sizes and 
shorter bars. It will decrease the thickness of members as controlled by 
compression and diagonal tension and decrease the weight of the supporting 
structure. The shrinkage, while greater than that for 2,000-lb. concrete, 
will be considerably less than that of the old-time wet 1:2: 4 concrete. In 
the case of 5,000-Ib. concrete as used in heavily loaded columns, the actual 
amount of cement and the shrinkage will be less than with the old-time 
wet 1: 1:2 (3,000-lb.) concrete. This shrinkage consideration will limit 
the use of exceedingly rich mixes, especially in slabs and walls of great 
length, but it will not deter from the use of properly made 3,000-lb. concrete 
in floors and walls or of properly made 5,000-Ib. concrete in columns, since 
it involves less shrinkage than existing buildings are carrying comfortably. 

Flat Slab Cost Study.—A study of tables Nos. 145 and 146 or of 147 
and 148 shows that there is but a small difference in cost as between a four- 
way flat slab floor (or roof) made of 2,000-Ib. or 3,000-Ib. conerete. While 
these quantities are based on actual computations by the four-way system, 
the provisions of the Code are such that no material differences would be 
expected from computations by the two-way system. At the unit prices 
given before the saving with stronger concrete is from 1.0 to 1.8 cents per 
sq. ft. of floor area. The real saving is secured in the columns and foot- 
ings through the reduction in dead weight. The quantities in tables Nos. 
153 and 154 are priced and plotted in Fig. 18. A study of the data indi- 
cates in a general way the following comparisons for complete buildings : 


(1) A considerable saving in cost for all loads and spans may he 
effected by the use of 3,000-lb. concrete. 

(2) This saving increases (but at a decreasing rate of increase) with 
the number of stories in the building. 

(3) This saving increases as the soil pressure decreases. 
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(4) This saving increases slightly with larger panel sizes. 
(5) This saving increases markedly with heavier live loads. 


The least saving of the 3,000-Ib. over the 2,000-lb. concrete (smaller 
panel, lighter live load, higher soil pressure) amounts to 1.8 cents per 
sq. ft. of total floor area for a six-story building and increases to 3.3 cents 
per sq. ft. for a twelve-story building. The greatest saving (larger panel, 
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FIG. 18.—SAVING FROM USE OF 3,000-LB. CONCRETE. 


heavier live load, lower soil pressure and higher building) amounts to 
9.2 cents per sq. ft. for a twelve-story building. The maximum saving, 
expressed in percentage of the cost of the concrete frame is over 7 per cent. 
The least saving is over 2 per cent. 

Beam-and-Girder Cost Study.—In this study of the “beam-and-girder” 
system the framing of the members was as follows: Girders from column 
to column in one direction, beams directly from column to column in the 
other direction, two beams (at the third points) between these marginal 
beams and one-way slabs spanning between all beams. The slabs have tem- 
perature and shrinkage reinforcement as required by the Joint Code. A 
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study of Tables 149 and 150, or of 151 and 152 shows that there is an ap- 
preciable saving in cost in the floor and roof construction itself by the use of 
the 3,000-Ib. concrete. At the unit prices given before this saving amounts 
to from 1.6 to 3.5 cents per square foot. There is also a reduction in the 
dead weight of the construction, resulting in further savings in the cost 
of colums and foundations. The quantities of Tables 155 and 156 are priced 
and plotted in Fig. 18. A study of these data indicates in a general way 
for complete buildings: 


(1) A considerable saving for all loads and spans may be effected by 
the use of 3,000-lb. concrete. 

(2) This saving increases (but at a decreasing rate) with the number 
of stories in the building. 

(3) This saving increases as the soil pressure decreases. 

(4) This saving increases as the panel size increases with 100-lb. live- 
load, but decreases as the panel size increases with 300-lb. live-load. 

(5) This saving increases markedly with heavier live loads. 


The least saving (smaller panel, lighter live load, higher soil pressure) 
amounts to 2.5 cents per sq. ft. of total floor area for a six-story building 
and increases to 4.0 cents per sq. ft. for a twelve-story building. The 
greatest saving (smaller panel, heavier live load, lower soil pressure and 
higher building) amounts to 9.1 cents per sq. ft. for a twelve-story build- 
ing. Expressed in percentage of cost of the concrete frame, the maximum 
saving is 7.2 per cent. The least saving is 3.1 per cent. 

Comparison of Flat Slab and Beam-and-Girder Construction.—In gen- 
eral the savings effected by the use of 3,000-lb. concrete are greater with 
beam-and-girder construction than with flat slab. An exception occurs in 
the case of the larger panel with the heavier live load. The total cost of 
the beam-and-girder construction is always greater than that of the corre- 
sponding flat slab. The flat slab type, as here designed, is the standard 
form with enlarged column capitals and drop panels at the column head. 
Where the capital or the dropped panel, or both, must be omitted for archi- 
tectural reasons the cost of the flat slab type would be greatly increased. 

A study of the data of Table 144 leads to the following general con- 
clusions as to the excess in cost of beam-and-girder over standard flat 
slab construction: 

(1) It becomes greater as the load increases. 

(2) It becomes greater as the soil pressure increases. 

(3) It becomes less as the panel size increases. 

(4) It is not greatly affected by the number of stories. 


Iixpressed in figures the beam-and-girder type costs about 9.5 per cent 
more for the 18-ft. panel, 100-Ib. LL and 3,000-lb. soil. This difference 
increases to 16 per cent for the 18-ft. panel, 3,000-lb. ZL and 6,000-lb. soil. 
With 22-ft. 6-in. panel the first figure is reduced to about 3.5 per cent and 
the second to about 10 per cent. 

Comparison With Chicago Oode—TI have in my office complete quanti- 
ties for designs in accordance with the present Chicago Code (now in 
process of revision) which afford comparisons between the cost of the joint 
requirements and those of a well-known and widely-used present standard. 
The great length of this paper forbids anything beyond a very brief state- 
ment of this comparison. 

For the four-way flat slab type the cost is nearly identical on the 
basis of 2,000-lb. concrete. The Joint Code, however, will give a consider- 
ably better balanced design than the Chicago ordinance. The increased 
stresses in Joint Code are offset by added anchorage of reinforcement and 
other safeguards. 


For the beam-and-girder type the cost in accordance with the Joint 
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Code is about 8 per cent less than the Chicago figure. This saving is for 
a typical interior panel and the saving for the entire building including 
exterior panels would be somewhat less. The Joint Code requires far better 
anchorage of reinforcement than the Chicago Code but the clear span 
moment calculations and the increased stresses more than offset this 
addition. 

Most designers, I feel, will agree that the effect secured by the Joint 
Code in decreasing the difference in cost between the beam-and-girder and 
the flat-slab construction is desirable. The present advantage enjoyed by 
the flat-slab type will still remain but will be decreased in amount by the 
adoption of the Joint Code. 

_ In the Chicago beam-and-girder designs no shrinkage and temperature 
reinforcement was included. . 

_ Savings from Scientific Ooncrete Proportioning.—All of the figures in 
this paper are based on the use of moderately stiff, non-segregating con- 
crete. Such concrete may be manufactured and placed in the field to give 
any required strength at a considerably less cost than the wet consistencies 
often used in the past. This added saving acts to increase the final saving 
that may be realized by the use of 3,000-Ib. scientific concrete to values 
greater than shown in this paper if comparison is made with the cost of 
old-time sloppy concrete of the same strength. ‘ 

Use of Oost Data for Estimating.—The data of Tables 145 to 156 inclu- 
sive may be useful to engineers in estimating in advance the cost of pro- 
posed buildings to be designed under the 1928 Joint Code. In making use 
of this material for this purpose it is advisable to comply with the follow- 
ing necessary limitations: 

(1) Determine proper cost units for the conditions of the contem- 
plated work. The unit costs as given in this paper and on which Table 71 
and Fig. 18 are based are not applicable, except by coincidence, to such 
use. They are too large for large jobs and too small for small jobs. The 
size of building, number of re-uses of forms, cost of materials and labor, 
weather conditions, and many local conditions will determine the proper 
values of cost units in any case. 

(2) Proper allowance must be made for exterior and special panels, 
since these tables deal with typical interior panels exclusively. 

(3) Only the pit excavation for footings is included under the item 
of excavation in the table. The general (steam shovel) excavation must 
be added, with allowance for overrun at sides of lot. 

(4) A small allowance should be made for necessary wastage of mate- 
rial in the final design. In these tables fractional bars have been used 
occasionally in order to permit of accurate interpolation between the com- 
puted values. In a few cases the soil pressure must slightly exceed that 
given in the tables in order to keep the footings within the panel area. , 

(5) Column live loads on all floors have been reduced in accordance 
with Chicago practice—15 per cent for the top floor, 20 per cent for the 
next, increasing by 5 per cent to 50 per cent for the eighth floor from the 
top and for all lower floors. The Joint Code does not prescribe any load 
reductions, since this would be a general ordinance provision applying to 
concrete in common with all other types of building construction. Allow- 
ance must be made in case other load reduction provisions are in force. 

(6) The size of columns will affect the quantities markedly. Allow- 
ance must be made if very small columns are required. In these designs 
the diameter or side of the top-story column has been made about one- 
twelfth of the panel dimension, and the percentage of column vertical rein- 
forcement has been kept in the 2 to 3 per cent region generally. Stronger 
concrete has been used as the load increases, rather than very high steel 


percentages. ‘ ; F 
(7) If piles or caissons are required, the cost will be considerably 
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increased, except where piles are shown in the tables. Where piles are 
shown allowance must be made if the depth of pile cut-off requires addi- 
tional excavation, unless gravity footings are possible and effect a balanc- 
ing saving. 

(8) In interpolating between the panel sizes and loadings covered hy 
my computations the trend of the data as given in a diagram similar to 
Fig. 18 drawn with the proper unit prices for the work in hand, should 
be carefully studied. 

(9) Joist and girder type, or beam and girder with other than third 
point beam spacing, will affect the quantities, and proper allowance should 
be made for the actual framing to be used. 

(10) If the flat slab capital or depressed panel is to be different 
from the values given in Diagrams 77, 79, etc., in Part I of this paper, 
allowance must be made for the effect of such variation in increasing or 
decreasing quantities. 


Taste 144.—Costr 1n Cents per ScuarE Foor or Totat Fuoor ARBA. 


Side of Live Soil Concrete Flat Slab Beam and Girder 


Square Load, | Load, Strength, 
Panel Ib. | tb. per 

sq. in. 6 Story | 9Story | 12 Story | 6Story | 9 Story 12 Story 

18 ft. 0 in. 100 3000 2000 72.7 76.4 79.7 80.6 83.8 87.6 

18 ft. 0 in. 100 3000 3000 70.2 72.7 75.5 78.1 80.7 83.6 

Saving 25 3.7 4.2 2.5 3.1 4.0 

18 ft. 0 in. 100 6000 2000 69.4 71.9 74.0 77.8 80.5 85.3 

18 ft. 0 in. 100 6000 3000 67.6 69.2 70.7 75.2 77.8 79.6 

Saving 1.8 226 3.3 2.6 2.7 3.7 

18 ft. 0 in. 300 3000 2000 94.7 102.1 108.7 110.0 119.0 126.4 

18 ft. 0 in. 300 3000 3000 89.9 96.0 101.2 103.4 110.5 117.3 

: Saving 4.8 6.1 7.5 6.6 8.5 9.1 

18 ft. 0 in. 300 6000 2000 84.9 90.7 95.6 101.1 108.5 114.6 

18 ft. 0 in. 300 6000 3000 81.4 86.2 89.7 96.0 101.6 106.6 

; Saving 3.5 4.5 5.9 5.1 6.9 8.0 

22 ft. 6 in. 100 3000 2000 82.6 87.2 91.5 86.0 90.4 94.2 

22 ft. 6 in. 100 3000 3000 79.0 82.5 86.6 82.7 85.5 88.6 

: Saving 3.6 4.7 49 3.3 49 5.6 

22 ft. 6 in. 100 6000 2000 76.7 80.2 83.4 82.2 85.3 88.5 

22 ft. 6 in. 100 6000 3000 74.5 77A 79.8 79.4 81.5 83.9 

’ Saving 2.2 3.1 3.6 2.8 3.8 4.6 

22 ft. 6 in, 300 3000 2000 110.2 126.7 131.8 116.8 136.1 143.9 

22 ft. 6 in. 300 3000 3000 103.4 118.9 122.6 11.1 130.2 136.2 

: Saving 6.8 6.8 9.2 Get 5.9 On 

22 ft. 6 in. 300 6000 2000 96.5 103.2 109.3 105.6 113.2 120.0 

22 ft. 6 in. 300 6000 3000 91.4 97.5 101.3 101.3 107.6 113.1 

Saving 5.1 5.2 8.0 4.3 5.6 6.9 


t 
| 
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TaBLE 145.—F iat Siap QUANTITIES—18 Fr. By 18 rr. INTERIOR PANEL. 
Usvat Drstgn—2000-zz. CONCRETE, EXCEPT IN CoLUMNS. 


Concrete Reinforcing Steel Formwork and 

It = 
Fe Item Spe Na aS aT ee 
2000-Ib.,| 3000-lb.,| Bars, | Spiral, Wood, | Steel, cunts 
cu. ft. | cu. ft. lb. sq. ft. | units ips 

DM AVOOTO SM asenee © ene, tae Oe 155 Age 381 ae 330 a 


eS ee ee eee ee 


100-18. Live Loap on Aut Fioors. 


a a ee ee eee 


Di WE lor ser it eek on sce ee | 193 a 506 <a 331 x 7 
3 | 1-6 Story Columns ........... 113 64 1266 439 ee 6 oe 
4 | 3000-lb. Footing.............. 161 a 591 a 44 he 329 
5 | 6000-lb. Footing.............. 82 a 350 he 28 sf 144 
6 | 1-9 Story Columns............ 113 180 2742 804 2 9 a 
7 | 3000-lb. Footing.............. 293 15 1156 on 71 ad 643 
8 | 6000-lb. Footing...... 5 141 4 595 oe 43 ae 250 
9 | 1-12 Story Columns. . : 113 314 4868 1288 =: 12 a 
10 | 3000-lb. Footing.... $ 440 27 1820 he 90 Re 1078 
11 | 6000-lb. Footing.............. 205 4 946 8 48 os 360 


300-Ls. Live Loap on Aux Fioors. 


D2 WER LOOT fancier ened oe cicee 236 oe 855 ay 333 eis 

13 | 1-6 Story Columns ........... 57 144 2458 641 a 6 <e 
14 | 3000-Ib. Footing.............. 401 24 1695 oe 82 ee 960 
15 | 6000-lb. Footing.............. 198 5 883 .) 44 me 338 
16 | 1-9 Story Columns............ 57 300 5538 1294 ng 9 A 
17 | 3000-lb. Footing.............. 687 47 2970 ue 122 “ 1804 
18 | 6000-lb. Footing.............. 339 8 1593 15 62 ea 616 
19 | 1-12 Story Columns........... 57 491 9668 2156 he 12 a 
20 | 3000-lb. Footing.............. 1028 76 4472 ee 157 ate 2740 


21 | 6000-lb. Footing.............. 507 12 2260 20 81 ao 941 
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Tasie 146.—FLat SuaB QUANTITIES—18 Fr. By 18 Fr. INTHRIOR PANEL. 
Derstan Usitnea 3000-18. CoNCRETE, EXCEPT IN COLUMNS. 


; Concrete Reinforcing Steel Formwork Hand 
Item Excava- 
No Item | S A tion, 
; 2000-1b.,| 3000-Ib.,| 5000-Ib.,) Bars, | Spiral, | Wood, | Steel, | ou, ft. 
eu. ft. -|eu. ft) | ica: fts Ib. lb. sq.ft. | units 
D2 ANiRookeecussn even re 136 “ 407 Fe 329 55 as 
100-8. Live Loap on AL Fuoors. 
23)| Bloorsae soon shot > 170 es 552 ee 330 B 
.-24 | 1-6 Story Columns... 85 cis 92 870 361 a 6 Ye 
25 | 3000-lb. Footing..... Be 133 at 692 ee 38 5c 261 
26 | 6000-lb. Footing..... 2a 70 a 451 “3 25 EA 117 
27 | 1-9 Story Columns... 85 be 208 1733 604 a ) % 
28 | 3000-lb. Footing..... = 224 Ee 1240 Maes 55 = 473 
29 | 6000-Ib. Footing..... & 112 bd 629 Ne 32 as 194 
30 | 1-12 Story Columns. . 85 ‘a 352 2910 925 a 12 - 
31 | 3000-lb. Footing..... ay 337 Bs 2063 $4 77 Ss 816 
32 | 6000-lb. Footing..... re 189 Bc 433 10 40 ; 280 
300-t8. Live Loap on Att Fioors 
83) | Plc ompsnete cms ziceitie ey 204 ~ 992 : 332 2 
34 | 1-6 Story Columns... 57 28 116 1752 512 =e 6 te 
35 | 3000-lb. Footing. .... oe 872 a 1782 a 77 Pad 740 
36 | 6000-lb. Footing. ..,. Fe 148 4 855 ty 39 ne 256 
37 | 1-9 Story Columns... 57 28 272 3568 938 5. 9 ae 
38 | 3000-lb. Footing..... os 591 41 3316 BY, 97 oe 1390 
39 | 6000-lb. Footing. .... ma 271 6 1569 12 53 32 475 
40 | 1-12 Story Columns. . 57) 28 463 6041 1487 ak 12 tA 
Al | 3000-lb Footing..... Zan 787 67 5018 aa 123 ys 2166 


42 | 6000-ib. Footing..... Us 391 8 2291 15 67 us 698 
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TaBLE 147.—F iat Stas QUANTITIES—22 FT. 6 IN. BY 22 Fr. 6 IN. INTERIOR 


PANEL. 


Usvat Drstgn—2000 LB. CoNCRETE, EXCEPT IN COLUMNS. 


Concrete Reinforcing Steel Formwork 
Item 
No. Item 
' 2000-lb.,| 3000-Ib.,] Bars, | Spiral, | Wood, | Steel, 
cu. ft. | cu. ft. Ib. lb. sq.ft. | units 

CE | a ee ee a 303 2 810 | 516 

100-t8. Lrvm Loap on Att Froors. 
BAN SBTOOR’ once teak pistes 378 as 1028 oe 517 = 
45 | 1-6 Story Columns... 197 108 2282 600 “4 6 
46 | 3000-lb. Footing..... 365 20 1490 #8 76 oe 
47 | 6000-lb. Footing..... 173 4 624 Ne 43 Le 
48 | 1-9 Story Columns... 197 295 5144 1208 ee 9 
49 | 3000-!b. Footing..... 658 40 2784 YY 109 te 
50 | 6000-lb. Footing..... 313 5 1453 ll 60 a 
51 | 1-12 Story Columns. . 197 503 9216 2046 a 12 
52 | 3000-lb. Footing..... 987 71 4250 es 153 wie 
53 | 6000-Ib. Footing..... 474 16 2216 25 83 

300-L8. Live Loap on Attu Fxoors. 
54 OOP -eictere/seciyrciate ets 464 ae 1701 50 520 a9 
55 | 1-6 Story Columns... 98 236 4279 954 ee 6 
56 | 3000-lb. Footing..... 852 58 3634 al 134 ae 
57 | 6000-lb. Footing..... 421 9 1894 15 70 AF 
58 | 1-9 Story Columns... 98 470 9831 2054 - 9 
59 | 3000-lb. Footing..... 500 25 2540 50 115 ne 
60 | 6000-lb. Footing..... 716 20 3300 65 104 ei 
61 | 1-12 Story Columns. . 98 760 17291 3509 a 12 
62 | 3000-lb. Footing..... 825 29 3493 110 147 
63 | 6000-lb. Footing..... 1086 35 4940 130 141 


Hand | Number 
Excava- of 
tion, |Concrete 
cu. ft. Piles 
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TaB_e 148.—Fratr Suasp QuANTITIES—22 FT. 6 IN. BY 22 FT. 6 IN. INTERIOR 
PANEL. 


Desien Ustna 3000-18. Concrets, Except In CoLumns. 


Concrete Reinforcing Steel | Formwork Hand |Number 
Item It Excava- e of rf 
em i 
Nee 2000-Ib.,| 3000-Ib.,| 5000-1b.,] Bars, | Spiral, | Wood, | Steet, | {0% |Cgnerete 
cu.ft. | cu.ft. | cu. ft. Ib. Ib. sq. ft. | units 

G41 Rook bran oan f 264 ox | 882 eae er a he 

100-LB. Live Loap on Auu Fioors. 
65;|Eloorigene ern eee ae 330 is 1135 oe 516 rae 
66 | 1-6 Story Columns. 197 a 108 1826 536 oy 6 fe 
67 | 3000-lb. Footing... an 287 as 1640 AL 69 o; 601 
68 | 6000-lb. Footing... - 140 a 798 ae 39 a 236 
69 | 1-9 Story Columns. 197 ms 295 3721 977 ne 9 x 
70 | 3000-lb. Footing... we 499 ai 3026 oe 87 = 1153 
71 | 6000-lb. Footing... SS 246 5 1480 ey 50 BA 420 
72 | 1-12 Story Columns} 197 ats 503 6107 | 1495 ae 12 Ss 
73 | 3000-lb. Footing... Bt! 749 72 4957 ee: 129 ce 2160 
74 | 6000-lb. Footing... Ss 344 9 2045 50 65 ee 621 

300-t8. Live Loap on Auu Froors. 

] 
73\\(Ploorna etree me 396 ae 1942 Ate 518 at es 
76 | 1-6 Story Columns. 98 49 187 3008 735 Xe 6 a . 
77 | 3000-lb. Footing... ue 694 ‘0 3979 oe 114 sa 1725 : 
78 | 6000-lb. Footing... és 312 8 1866 15 62 a 574 
79 | 1-9Story Columns. 98 49 421 6458 | 1445 ee 9 ts 
80 | 3000-lb. Footing... ae 450 22 2400 35 106 5 881 26 
81 | 6000-lb. Footing... - 545 18 3303 46 89 Sy 1122 whe 
82 | 1-12 Story Columns 98 49 710 | 11051 | 2376 hes 12 ae es 
83 | 3000-lb. Footing... Na 660 ll 2328 32 119 an 1144 36 
84 | 6000-lb. Footing... ea 825 30 4909 78 119 3H 1679 is 


TaBLE 149.—Bram anv GirRpER QuaNTITIES—18 Fr. By 18 Fr. INTERIOR 


DEsIGN AND Cost Data FoR THE BurupIne Conk. 


PANEL. 


Usvat Drsten—2000-L8. Concrete, ExcEPT IN CoLUMNS. 
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Concrete Reinforcing Steel Hand 
Item Wood | Bxcaya- 
No. Item jl Forms, | tion 
2000-lb.,; 3000-lb.,] Bars, | Spiral, | sq. ft. ake 
cu. ft. | cu. ft. Ib. lb. ec) 
AMMRCOL Aes sides weysteetvaa tne. Meee eee 140 | ie 563 53 471 
100-t8. Live Loap on Aut Froors. 
25) Moonee ed. ak atitceve sree Se Re ae ATO 147 a 738 79 471 
Bi la6 story. Columns. + sc. hyeete seen. oak a. 75 87 1031 408 411 x 
ASW SO0G=Ib, MOObIN gs sisi é fotos ob ae srtiine & 144 a 489 ne 39 255 
DEMOGOU-lbe hooting... int dea ee eee ae 70 as 275 st 26 115 
6:1 1=0 Story. Columns®....12chak once cee 1 212 2268 738 669 ie 
| SO00I bs Booting. 203 4. hosee. kiciniecccce 244 Ar 870 ais 55 484 
8) G00G- lbs Booting. sacs emcee eeiiaa tee. 117 4 465 a 35 206 
9 | 1-12 Story Columns.................... 75 368 4112 1190 957 ee 
103 SOOO ooting’ eo. sia ees cete ee ok 362 20 1421 ne 76 844 
AST GOOOSI DAP ooting sce oscars es ee ek 173 4 798 43 304 
300-t8. Live Loap on Aut Froors. 
AZM ec «he wea aie ie, ctelelecets sea oe 190 a 1136 190 541 ae 
1S iplseororysColumnsess:.aass eek cise oe 50 159 2500 685 480 oe 
14 | 'BQOO=1b; Hooting | 5 'scigieye 6 oo so eis. ove clots 362 20 1488 Ne 76 845 
45: | GO00=Ibs Footing. 52. s.oes cnc cilsavactesere 168 4 792 nt 43 294 
16 | 1-9 Story Columns............ ae 50 340 5680 1404 798 Be 
17 | 3000-lb. Footing... . 643 41 269! ae 108 1594 
18 | 6000-lb. Footing... . 298 13 142 e 65 613 
19 | 1-12 Story Columns ae 50 568 10020 2356 1155 a 
20 3000zIb; Booting oe n..).s ye aash acm adeclet 948 67 407: 56 142 2500 
PU GO0O=Moe HOGtIOg cas anwiee cic neck sleet 448 34 2125 95 1045 
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Tasie 150.—BraM AND GIRDER QUANTITIES—18 FT. BY 18 Fr. INTERIOR 
PANEL. 


Desien Ustne 3000-LB. ConcrRETE, EXCEPT IN COLUMNS. 


Concrete Reinforcing Steel Hand 
Item = Wood | Rxcava- 
NGS Item Forms, tion, 


2000-Ib.,| 3000-Ib.,| 5000-Ib.,| Bars, | Spiral, | sq. ft. rere 
cu.ft. | cu.ft. | cu. ft. lb. lb. 


— 


22 ROOLT Sea ont eels ese e So 127 = 466 26 476 


100-t8. Live Loap on Aut Fioors. 


23 | Floor..... ese eteeranisiebnern Hane aves se 135 s 635 


51 475 
24 | 1-6 Story Columns............ 75 25 62 872 379 411 * 
25 | 3000-lb. Footing.............. x 114 AD 556 ae 34 202 
26 | 6000-Ib. Footing.............. * 59 i 298 fs 24 98 
27 | 1-9 Story Columns............ 75 25 188 1474 585 699 ae 
28 | 3000-Ib. Footing.............. hs 197 a 1008 Me 47 356 
29 | 6000-Ib. Footing.............. +3 102 Fe 483 5 32 171 
30 | 1-12 Story Columns........... 75 25 343 2426 852 957 ae 
31 | 3000-Ib. Footing.............. ae 296 ae 1631 3a 64 664 
32 | 6000-Ib. Footing.............. as 126 os 762 “3 37 236 
300-t8. Live Loap on Aut Fioors 
SB SRLOOK vane ieee cutee Es 169 a 925 152 548 oe 
34 | 1-6 Story Columns............ 50 ‘ 159 1727 540 480 fi 
35 | 3000-lb. Footing.............. a 296 oe 1699 we 64 660 
36 | 6000-lb. Footing.............. x 145 - 786 he 39 242 
37 | 1-9 Story Columns............ 50 “A 340 3720 1026 798 ae 
38 | 3000-lb. Footing............ 4s oF 512 ‘ 2984 ag 93 1250 
39 | 6000-lb. Footing.............. cA 246 5 1405 a 51 421 
40 | 1-12 Story Columns........... 50 5 568 6590 1667 1155 ike 
41 | 3000-Ib. Footing.............. me 775 ae 4802 ae 124 2000 
42 | 6000-lb. Footing.............. ie 352 9 2285 A 65 681 
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¢ 
TasLe 151.—Bram anv GirDER QUANTITIES—22 Fr. 6 IN. BY 22 FT. 6 IN. 


INTERIOR PANEL. 


Usvat Drsign—2000-L8. ConcreTE, EXCEPT IN COLUMNS. 


Concrete 


Reinforcing Steel 


Hand | Number 
sien es pk ood Excava- of 
orms, : 

is 2000-lb.,| 3000-lb.,). Bars, | Spiral, | sq. ft. eee panes 2 

cu. ft. | cu. ft. lb. lb. eo 
ASTRLOOLa. besoin tater eee eee 230 1043 81 739 

100-L8. Liv Loap on Aut Froors. 
Adel Wloors: Pe actieare cacncte es 250 a4 1219 143 796 p 
45 | 1-6 Story Columns............ 114 131 1869 573 524 He 
46 | 3000-lb. Footing.............. 266 13 1017 ae 60 574 
47 | 6000-lb. Footing.............. 131 4 588 = 36 230 
48 | 1-9 Story Columns... ae 114 313 4241 1138 843 it 
49 | 3000-lb. Footing.............. 485 26 1976 ia 88 1120 
50 | 6000-Ib. Footing.............. 222 5 1037 = 50 388 
51 | 1-12 Story Columns........... 114 543 7630 1893 1201 se 
52 | 3000-lb. Footing.............. 722 47 2986 a 119 1810 
53 | 6000-lb. Footing.............. 348 7 1603 68 614 
300-L8. Live Loap on Aut Fxoors. 

Ba PMOOR? meet ee cask ey, oe 311 ae 2208 340 846 m he 
55 | 1-6 Story Columns............ 78 228 4144 1015 587 a Ns 
56 | 3000-lb. Footing.............. 685 48 2953 oe 116 1793 Sp 
57 | 6000-lb. Footing.............. 330 10 1585 a 64 600 a 
58 | 1-9 Story Columns............ 78 496 9425 2153 979 et Le 
59 | 3000-Ib. Footing.............. 547 62 2135 BA 225 953 25 
60 | 6000-lb. Footing.............. 590 20 2710 bs 90 1166 aA 
61 | 1-12 Story Columns........... 78 857 16438 3654 1435 PY, ~ 
62] 3000-Ib. Footing.............- 787 243 3365 HS 340 1798 33 
63 | 6000-Ib.\Footing.............. 903 35 4096 120 1830 an 


ee - -¥ ee e 
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TaBLe 152.—Bram AND GIRDER QUANTITIES—22 FT. 6 IN. # 22 Fr. 6 IN. 
INTERIOR PANEL. 


Desian Usine 3000-L8. ConcrETE, EXCEPT IN COLUMNS. 


Concrete Reinforcing Steel Hand |Number 
item ae ood | Bxeava- of 
NA. Item PPG LE oe eace s: orms, | tion, |Concrete 


2000-Ib.,| 3000-1b.,| 5000-Ib.,! Bars, |~ Spiral, | sq. ft. | , ; 
cu. ft. | cu.ft. | cu. ft. Ib. lb. ae = 


= 


G4 ROOf sire nrrcreenistetols a 207 ie 846 59 747 


100-t8. Live Loap on Ati Fioors. 


65]| Hloornaeeme camer Re 220 be 1092 96 804 

66 | 1-6 Story Columns... 114 38 93 1564 508 524 as 

67 | 3000-lb. Footing. .... a 219 Se 1206 Be 52 435 ae 
68 | 6000-lb. Footing..... a 110 ss 597 of 33 184 he 
69 | 1-9 Story Columns... 114 38 275 2755 840 843 os AY 
70 | 3000-lb. Footing..... a 378 as 2042 fe 75 832 & 
71 | 6000-lb. Footing..... ns 182 a 966 ne 42 305 ae 
72 | 1-12 Story Columns. . 114 38 505 4574 1291 1201 os 

73 | 3000-lb. Footing..... ; 569 He 3183 “3 102 1372 re: 
74 | 6000-lb. Footing..... ae 269 oe 1547 Ss 53 452 “5 


300-t8. Live Loap on Aut Fuoors. 


5 WELOOR dete ge antee lets les = 289 ne 1931 283° 855 

76 | 1-6 Story Columns... 78 41 188 3216 804 587 23 

77 | 3000-lb. Footing..... #3 572 of 3396 =. 99 1431 

78 | 6000-Ib. Footing..... ay 268 6 1596 ae 54 470 

79 } 1-9 Story Columns... 78 41 455 6688 1584 979 oe 5 
80 | 3000-lb. Footing..... an 532 ne 2048 Se 200 866 24 
81 | 6000-Ib. Footing..... as 464 113, 2830 “ie 80 888 Es 
82 | 1-12 Story Columns. . 78 41 816 | 11261 2504 1435 

83 | 3000-lb. Footing..... as 821 : 


wh lmeias a 295 | 1535 32 
84 | 6000-Ib. Footing..... “ 706 22 | 4252 it 106 | 1416 Bs 
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TaBLe 153.—F iar Sias Quantities—18 rr. py 18 Pr. INTERIOR PANEL. 
ToTaL QUANTITIES FOR OnE PANEL FROM Foorina TO Roor. 


Reinforcin, 

ee Live | Soil | Con- Concrete Steel 8 Formwork Hand 

Aer oat Load,| Load,} erete, Exca- 

°- '|Stories e ia -) sa ee. ee 2000-1b.,| 3000-Ib.,| 5000-lb.,] Bars, | Spiral, Wood,| Steel, er y 

BS oro Sde nO e Gutt Sl a cult. cu. ft. lb. Ib. | sq. ft. | units ie 
101 6 100 | 3000 | 2000 1394 71 We 4768 439 2029 6 329 
102 6 100 | 3000 | 3000 85 1119 92 4729 361 2017 6 261 
103 9 100 | 3000 | 2000 2105 195 ses 8327 804 3049 9 643 
104 9 100 | 3000 | 3000 85 1720 208 7796 604 3024 9 473 
105 12 100 | 3000 | 2000 2831 341 = 12635 1288 4061 12 1078 
106 12 100 | 3000 | 3000 85 2343 352 11452 925 4036 12 816 
107 6 100 | 6000 | 2000 1315 67 oe 4537 439 2013 6 144 
108 6 100 | 6000 | 3000 85 1056 92 4488 361 2004 6 117 
109 9 100 | 6000 | 2000 1953 184 ne 7781 804 3021 9 250 
110 9 100 | 6000 | 3000 85 1608 208 7185 604 3001 9 194 
111 12 100 | 6000 | 2000 2596 318 bi 11761 1296 4019 12 360 
112 12 100 | 6000 | 3000 85 2173 352 10260 911 3999 12 280 
113 6 300 | 3000 | 2000 1793 168 st 8809 641 2077 6 960 
114 6 300 | 3000 | 3000 57 1506 116 8937 512 2066 6 740 
115 9 300 | 3000 | 2000 2787 347 os 15729 1294 3116 9 1760 
116 9 300 | 3000 | 3000 57 2321 313 15227 938 3082 9 1390 
07 12 300 | 3000 | 2000 3836 567° 23899 2156 4150 12 2740 
118 12 300 | 3000 | 3000 57 3195 530 22378 1487 | 4104 12 | 2166 
119 6 300 | 6000 | 2000 1590 149 8004 641 2039 6 338 
120 6 300 | 6000 | 3000 57 1332 120 8010 512 2028 6 256 
121 9 300 | 6000 | 2000 2439 308 14352 1309 3056 9 616 
122 9 300 | 6000 | 3000 57 2067 278 13408 950 | 3038 9 475 
123 12 300 | 6000 | 2000 | 3315 503 21741 2176 | 4074 12 941 
124 12 3800 | 6000 | 3000 57 2799 471 19651 1502 4048 12 698 
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Taste 154.—F iat SuaBp QuANTITIES—22 FT. 6 IN. BY 22 FT. 6 IN. INTERIOR 
PANEL. 


ToraL Quantiries FOR ONE PANEL FROM Footine To Roor. 


Concrete pee Formwork 
Num-} Live | Soil | Con- r Hand | Number 
Fe ee peas bok hib rer! 2000. | so00- | 5000 atk SCsere 
o. | Sto- |Ib. per|Ib. per|lb. per 3 - é vation, | Concrete 
ries | sq. ft. |sq. ft. |sq.in.| Ib., | Ib., | lb. Bars, | Spiral,| Wood,| Steel, | oy. ft.'| Piles 
cu. ft. | cu. ft. | eu. ft. : Ib. | sq. ft. | units 

125 6 100 | 3000 | 2000 | 2755 128 = 9722 600 | 3177 6 842 aS 
126 6 100 | 3000 | 3000 197 | 2201 | 108 10017 536 | 3163 6 601 

127 9 100 | 3000 | 2000 | 4182 335 at 16862 | 1208 | 4761 9 1612 4 
128 9 100 | 3000 | 3000 197 | 3403 | 295 16709 977 | 4729 i) 1153 

129 12 100 | 3000 | 2000 | 5646 574 a 25584 | 2154 | 6356 12 2620 

130 12 100 | 3000 | 3000 197 | 4648 | 575 24431 | 1495 | 6319 12 2160 

131 6 100 | 6000 | 2000 | 2563 112 = 8856 600 | 3144 6 299 

132 6 100 | 6000 | 3000 197 | 2054 | 108 9175 536 | 3133 6 236 

133 9 100 | 6000 | 2000 | 3837 300 oe 15631 | 1219 | 4712 9 535 

134 9 100 | 6000 | 3000 197 | 3150 | 300 15163 977 | 4692 9 420 

135 12 100 | 6000 | 2000 | 5132 519 ee 23550 | 2071 | 6286 12 925 

136 12 100 | 6000 | 3000 197 | 4238 | 512 21519 | 1495 | 6255 1D 621 

137 6 300 | 3000 | 2000 | 3573 294 us 17228 954 | 3250 6 2210 

138 6 300 | 3000 | 3000 98 | 2987 | 187 17579 735 | 3218 6 1725 

139 9 300 | 3000 | 2000 | 4613 495 ts 26789 | 2104 | 4791 9 1005 28 
140 9 300 | 3000 | 3000 98 | 3931 | 448 25276 | 1490 | 4764 9 881 26 
141 12 300 | 3000 | 2000 | 6330 789 a 40305 | 3619 | 6883 12 1560 38 
142 12 300 | 3000 | 3000 98 | 53829 | 721 35623 | 2408 | 6331 12 1144 36 
143 6 300 | 6000 | 2000 | 3142 245 es 15488 989 | 3186 6 780 

144 6 300 | 6000 | 3000 98 | 2605 | 195 15460 750 | 3166 6 574 

145 9 300 | 6000 | 2000 | 4829 490 ere 27509 | 2119 | 4780 9 1452 aye 
146 9 300 | 6000 | 3000 98 | 4026 | 439 26151 | 1498 | 4747 9 1122 oa 
147 12 300 | 6000 | 2000 | 6581 795 a 41752 | 3639 | 6377 12 2252 5B 
148 12 300 | 6000 | 3000 98 | 5486 | 740 38204 | 2454 | 6326 12 1679 
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TaBLe 155.—Bnam AND GIRDER QUANTITIES—18 Fr. BY 18 rr. INTERIOR 
PANEL. 


ToTaL QUANTITIES FOR OnE PaNneL FROM Foortine To Roor. 


F . Concrete Reinforcing Steel 
Live | - Sail Con- 8 Hand 
fen ha ae bead, pel poe ae ie eee Oe EE (AE me oo Excava- 
0. . . per . per - per | ‘ » tion, 
Stories echt. 1 64, ft. Aon in, oP: eer oe Pe, Sriral, Bae ft. |) cu tt. 

101 6 100 3000 2000 1096 87 Pe 5773 856 3276 255 
102 6 100 3000 3000 75 939 62 5069 660 3296 202 
103 9 100 3000 2000 1637 212 De 9605 1423 4963 484 
104 9 100 3000 3000 75 1426 188 8128 1019 4992 356 
105} 12 100 8000 2000 2197 388 ae 14214 2112 6685 844 
106| 12 100 3000 3000 75 1929 843 11508 1439 6722 664 
107 6 100 6000 2000 1022 87 ios 5559 856 3263 115 
108 6 100 6000 3000 75 884 62 4811 660 3286 98 
109 9 100 6000 2000 1510 216 9200 1423 4943 206 
110 9 100 6000 3000 75 1331 188 7505 1019 4977 171 
111 12 100 6000 2000 2008 372 13591 2112 6652 304 
112] 12 100 6000 3000 75 1759 343 10639 1473 6695 236 
113 6 300 3000 2000 1502 179 23 10231 1688 3732 845 
114 6 300 3000 3000 5 1248 159 8517 1326 3760 660 
115 9 300 8000 2000 2353 381 oY 18030 2977 5705 1594 
116 9 300 3000 3000 50 1991 340 14570 2242 5751 1250 
117} 12 300 3000 2000 3228 635 AY, 27157 4499 7719 2500 
118} 12 300 3000 3000 50 2761 568 22033 3365 7763 2000 
119 6 300 6000 2000 1308 163 oh 9535 1688 3699 294 
120 6 300 6000 3000 1117 159 7604 1326 3735 242 
121 9 300 6000 2000 2008 353 se 16760 2977 5662 613 
122 9 300 6000 3000 50 1725 345 12991 2242 5709 421 
123] 12 300 6000 2000 2728 602 ae 25204 4499 7672 1045 
124] 12 300 6000 3000 50 2338 577 19516 3365 7704 651 
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TaBLE 156.—BEAM AND GIRDER QUANTITIES—22 FT. 6 IN. BY 22 FT. 6 IN. 
INTERIOR PANEL. 


Toran QUANTITIES FOR ONE PANEL FROM Foortina To Roor. 


Reinforcin 
- Num-| Live | Soil | Con- Conerete Steel ; 

Item | ber of | Load, | Load, | crete, x 
No. | Sto- Ib. pet Ib. ber Ib. per} 2000- pe Sted Bare Spiral 

ries |sq.ft.| sq.ft. | sq. in. vA ie hy ’ ’ 

i ¢ cu. ft. | cu. ft. | cu. ft Ib. Ib. 

125 6 100 3000 2000 1860 144 sh 10024 1369 
126 6 100 3000 3000 114 1564 93 9070 1037 
127 9 100 3000 2000 2829 339 23 17012 2363 
128 9 100 3000 3000 114 2383 275 14379 1667 
129 12 100 3000 2000 3816 590 ae 25068 3547 
130R 12 100 |} 3000 | 3000 114 | 3234] 505 | 20615 2406 
131 6 100 | 6000 | 2000} 1725 135 a 9595 1369 
132 6 100 6000 3000 114 1455 93 8467 1037 
133 9 100 | 6000 | 2000 | 2566 318 ee 16073 2363 
134 9 100 | 6000 | 3000 114 | 2187 | 275 | 13303 1667 
135 12 100 6000 2000 3442 550 Pt 23685 3547 
136 | 12 100 | 6000 | 3000 114 | 2934] 505 | 18979 2406 
137 6 300 | 3000 | 2000] 2548 276 oP 19180 2796 
138 6 300 3000 3000 78 2265 198 17113 2278 
139 9 300 | 3000 | 2000 | 3343 558 .« | 80267 4954 
140 9 300 | 3000 | 3000 78 | 3092 | 455 | 25030 3907 
141] 12 300 | 3000 | 2000] 4516} 1100 38 45134 7475 
142] 12 300 | 3000 | 3000 78 | 4248 | 816 | 36483 5676 
143 6 300 | 6000 | 2000 | 2193 238 5 17822 2796 
144 6 300 6000 3900 78 1961 194 15313 2278 
145 9 300 6000 2000 3386 516 a 30842 4954 
146 9 300 | 6000 | 3000 78 | 3024 | 468 | 25812 3907 
147 12 300 6000 2000 4632 892 ee 45865 7475 
148} 12 300 | 6000 | 3000 78 | 41383 | 838 | 37600 5676 


Num- 
Wood — ber of 
Forms, | tion ‘on- 
sq. ft. | oy. ff, | erete 
" Piles 

5303 574 

5343 435 

8038 1120 

8081 832 
10815 1810 
10872 1372 

5279 230 

5314 184 

8000 388 

8048 305 
10764 614 
10845 452 

5672 | 1793! | .. 

5708 1431 2 

8711 953 25 

8766 866 24 
11820 1798 33 
11882 1535 32 


Discussion, Destan AND Cost DATA, 1928 Butipine Cope. 
HERBERT J. GILKEY* AND WILLIAM H. THOMAN.+ 


During the past two years the writers have been devoting some atten- 
tion to the subject of simplified design aids in the field of reinforced 
concrete. It is natural, therefore, that material of the sort presented by 
Mr. Lord should be of great interest to them. There is also the possibility 
that their own efforts might add something of value to this splendid 
project. Several phases of the subject have received attention but the 
present discussion will be restricted to columns. 

Two charts are presented herewith, Fig. 1 and Fig. 2. They cover the 
usual column range, both spiralled and tied and all current steel and 
conerete stresses. They are applicable to all recognized tied column 
specifications and to those spiralled column formulas that allow for the 
effect of spiral by permitting a higher f, value. These include the 1928 
A.C.I., 1916 and 1924 Joint Committee and all similar specifications. 
With slight improvising the column chart may be adapted to such as the 
New York and Chicago codes as regards spiralled column design. 

These charts are not offered with any claim of superiority but rather 
to present the matter in a slightly different form that may be preferred 
by some and rejected by others. The discussion will be restricted to an 
attempt to point out the main differences without bias. 

Since, under a single specification such as the A.C. I. code, the con- 
crete working stresses and strength of the concrete bear a fixed relationship 
to one another, it is feasible for Mr. Lord to base his charts upon repre- 
sentative concretes as indicated by the ultimate strengths. Moreover, it 
is possible for him to include the spiral and longitudinal steel both on 
the same chart. 

Since under different codes the same concrete will be used with 
different factors of safety (i.e. have varied working stresses) in a general 
chart account must be taken of the actual working stress with its corre- 
sponding values of m and p. The f, and n, axes accomplish this for 
all concretes and steel percentages. The table on the chart, Fig. 1, gives 
value of f, and m corresponding to different steel ratios and ultimate 
concrete strengths for the 1928 A.C.I. and 1924 Joint Committee Codes 
for both tied and spiralled columns. The working stresses corresponding 
to given grades of concrete by other codes must be obtained from the 
provisions of the code in question. 

* Associate Professor, Civil Engineering, University of Colorado. 

} Instructor of Engineering Drawing, University of Colorado. 
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Under different codes there are many possible combinations of spiral 
and vertical steel and in the general case it therefore seems advisable to 
have a separate chart for spiral design, Fig. 2, which will fit any specifi- 
cation regardless of the vertical steel. In a one-specification chart the 
separation is not desirable and Mr. Lord’s method is preferable in his 
case since the A.C.I. code is the only one considered by him. 

Mr. Lord has kept in view the fact that any diagram or chart, to be 
generally used, must appear to be very simple. In doing this he has 
omitted one or two features that would add to their useability without 
much added congestion. To begin the design one assumes the size of column 
and divides this into the load for the value of P/A. After assuming D, 
A must be computed or else obtained from some table such as Table 105. 
If areas were added at the left of the right-hand line (diagrams 94-99) 
it would not be necessary to leave the chart to find A. By the addition 
of another axis, P/A could be found directly on the alignment chart. This 
latter would detract from the simplicity and was probably omitted by in- 
tent on that account. On the writers’ charts A is not shown but it is not 
needed as such. 

The steel selection offered by Mr. Lord is somewhat less both as to 
longitudinal and spiral steel but in most cases this would not be deemed 
objectionable. There is some overlapping of spiral sizes in the vicinity 
of maximum spacing that does not show, one spiral size ending where the 
next begins, This again seems fully justified in the interests of simplicity. 
A, and percentage scales beside the two middle axes would often be useful 
but would again add to the congestion. The complete design is obtained 
without the designer knowing what percentage of steel he has used unless 
he turns to diagram 99. In most instances it is not vital that he know 
the percentages since any design obtained from the diagrams will fall 
within the limits of the A. C. I. Code. 

There is one fundamental difference between the two types of charts. 
Mr. Lord assumes a column diameter and obtains P/A. If the P/A value 
is not feasible on the basis of the assumed diameter of column, he makes 
another assumption. For large buildings in which many columns of the 
same size are to be used, it is logical to let the percentage of reinforcement 
be the variable. 

The writers’ chart starts the design with P, p, » and f, and solves 
directly for the diameter of column (or side of square tied column). This 
is a very convenient procedure for the less frequent designer and for dif- 
ferent designs. If it be desired to hold a constant size of column but 
vary the reinforcement to meet the variation in column loads, the writers’ 
type then becomes indirect. The procedure in such a case is to assume 
a new value for p. Enter the m, line, and span past proper value for f, 
(from table on chart or from code being followed) to axis. Span from 
axis to the D, value that has been stipulated or assumed. Read load. If 
too high or too low as compared with actual, make a new assumption of p 
and repeat. Thus both kinds of charts have their cut-and-try element. 


TIED oR SPIRALLED 


EFFECTIVE DIAMETER tn INCHES. oF CIRCULAR COLUMN 


EFFECTIVE SIZE IN INCHES oF SQUARE TIED COLUMN 
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FIG. ]1.—DESIGN CHART FOR REINFORCED-CONCRETE COLUMN. 


Illustrative Problems: 


Design spiralled column to support 850,000 Ib. according to 1928 A. C. I. Code. Assume 
f’c = 2500; p = 0.04; fe and n (from table) = 950 and 12. Locate point on np axis hori- 
zontally opposite p = 4 and = 12. Span from np to 950 on fe. Rotate on axis and span 
to P = 850,000. On De read 28 in. core diameter. Span from De to p = 4 and read on As 
16 114 in. square or 20 1% in. square vertical bars required. For spiral use 4% in. dia. at 234 in. 
spacing. See illustrative problem on Fig. 2 for details of spiral selection. 

Design tied column to support 300,000 lb. Assume f’c = 2500; P= 2 per cent; fc and n 
(from table) = 563 and 12. By above procedure: De = 21 in. square column or 23.5 in. round. 
Use 6 14% in. square or 8 1% in. square bars. 


Norr.—Consult code used for such items as: fc, limiting slenderness ratio, steel percentages, 
number and size of bars, fire proofing, size and spacing of ties, spirals, etc. In case non-standard 
bar sizes are used, select steel from scale on right of As. This chart is in no way limited to any 
particular specification or code. 
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03 age of longitudinal reinforcement 
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Particular specification. 
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rid, 2.—DESIGN CHART FOR SPIRAL REINFORCEMENT, 


Illustrative Problem: 


Known: Diameter of column core (Dc) = 28 in. 
Percentage of spiral steel (ps) = 1.0 
Span from 28 on De to 1.0 on ps. Pivot from axis to either spacing or size of spiral steel. 
(S or As) and select appropriate values. In this case at min. spacing of 1.5 in, a 3% in. dia. 
spiral would be used. In similar manner a +4 in, dia. spiral at 234 in. spacing would be satis- 
factory. With very slight shortage of spiral area a % in. dia. at max. spacing of 3 in. would 
suffice and be selected by many designers. 
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For neither one is this a serious handicap. Hither one may meet a certain 
set of design requirements or procedure better than the other. 

The fact that the writers’ charts are practically universal in their 
field of application is at present of some importance since general code 
agreement has not, yet been attained. 

To summarize Mr. Lord’s treatment the following statements are ap- 
plicable: 

(a) It is designed for the 1928 A. C. I. code and that only (obviously 
and properly so). 

(b) It includes seven separate charts (94-100 incl.) and his table 105. 
In any one design only one of the charts 94-98 inc. need be used in con- 
junction with his Diagram 99 and Table 105. For tied columns only dia- 
gram 100 need be consulted but only part of the design can be obtained 
from it. 

(c) To start a design P is known and the column ‘diameter must be 
assumed. Any value within the chart limits will conform to A. C. I. code 
requirements and the procedure is therefore very direct and simple in 
this respect. 

(d) If column diameter be assumed (as recommended), P/A must be 
computed. For A, reference to a separate diagram or table such as Table 
105 is necessary. It would seem worth while to add values for A opposite 
the diameters or better yet to add a line to the chart and get P/A directly 
without the necessity of computation or conscious evalution of A. 

(e) What the percentage of steel (either spiral or longitudinal) may 
be is not apparent without consulting Diagram 99. 

(f) In the steel as designated, the full possibilities for different sizes 
of spiral and longitudinal bars are not shown. This is not objectionable 
in most cases. 

(g) Values of steel area appear only in terms of bars. Sometimes 
it is desirable to know A, as such. It can, of course, be easily computed. 
An A, scale could be added for longitudinal steel or both, with a slightly 
added congestion that is probably not warranted. 

To summarize the writers’ treatment, the following statements are 
applicable: 

(a) It is directly applicable to several leading codes and with the 
exercise of slight ingenuity to most of the other well-known column form- 
ulas. The spiral chart is perfectly general and is independent of the 
longitudinal design. 

(b) One chart for tied columns and this, with one more for spiralled 
columns furnishes the entire solution without recourse to other computa- 
tions, tables or diagrams. 

(c) To start a design, P, p, f, and the assumed properties of concrete 
are known. Effective diameter of tied or spiral, or side of square tied 
column, is sought. 

(d) If it be desired to hold the diameter constant and vary steel per- 
centage to carry different loads, assume a value for p, span across f, to 


Mr. Hatt. 


Mr. Lord, 
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axis. Span from axis to stipulated D,. If P intersection fails to agree 
closely with load to be carried, assume another value for p and repeat. In 
practice this can be done very rapidly. In designing for the diameter to 
carry a given load with a given steel ratio, the design is direct and in- 
volves no element of trial. 

(e) Full possibilities of longitudinal and spiral steel sizes are shown, 
it is apparent what percentages are being used and an A, scale appears 
in addition to bar listings. 

(f) The fact that all grades of concrete (as indicated by f. and mn on 
chart proper and by f’, as well for A. C. I. 1928 and 1924 Joint Com- 
mittee in the auxiliary table on the chart) appear on the one chart facili- 
tates ready comparison of different designs based upon different strengths 
of concrete as well as varied steel ratios. This is of value in comparative 
cost reconnaisance. 

(g) The spiral chart, Fig. 2, is very simple in both appearance and 
se. The column chart, Fig. 1, is much less so in appearance, especially 
as compared with those of Mr. Lord. Actually its use is very direct and 
easy. Designing columns by either type of chart will effect a considerable 
economy of time and effort for many. Each set has its strong points and 
weaknesses but both represent an advance over many of the current 
design aids. Both Mr. Lord’s work and the charts herewith submitted 
contain certain original features that are not necessarily limited in their 
application to this subject or to this phase of the subject. The purpose of 
the present discussion has not been primarily an effort to offer something 
better (although for certain applications some may consider these to be 
an improvement and others, probably the majority, will not). The intent 
has been rather to place before those interested auxiliary devices and ideas 
that will possibly widen the field of selection. The detailed comparisons 
may give also a better perspective in reaching decisions as to features to 
be adopted or rejected in the preparation of design aids for specific 
purposes. 

W. K. Hatr.—I would like to know what the relation is between the 
working stresses and formulas as used by Mr. Lord, and the so-called 
joint committee report of the several engineering societies? Is there neces- 
sity for changing the joint committee report to make this document useful? 
I speak of this because, in the proposed building code of the Department of 
Commerce, it is stated that structures should be designed in accordance 
with the principles of the joint committee report. 

A. R. Lorp.—Answering Dr. Hatt, it would be necessary to change the 
joint committee report, especially in the matter of the steel stress, which 
is 20,000 Ib. throughout these diagrams. Of course the steel stress does 
not enter into the stirrup spacing diagrams. But on the footings and 
columns, slabs and beams, you would have to use a 20,000-lb. steel stress 
instead of 18,000 lb. in order to use these diagrams. That is a change 
that came about since the joint committee report in 1924. It is in line 
with the general movement to reduce construction costs somewhat in all 
types—steel, wood and concrete, 


RESEARCHES ON CONCRETE MATERIALS AND ON PLAIN AND 
REINFORCED CONCRETE. 


Submitted by Committee E-8 on Research. 


Introduction.—The activities of this committee during the past year 
have been confined chiefly to the assembling of information on investiga- 
tions under way and the compilation of references to reports pertaining to 
concrete published during the year. This report follows the same general 
form as previous reports of the committee published in the 1926 and 1927 
Proceedings of the Institute. The subject-matter of the report consists 
largely of brief summaries of the replies to questionnaires submitted to 
215 testing laboratories in the United States and Canada and is classified 
as follows: 


I. Researches on Cement, 


Tn; sf “ Plain Concrete, 
II. oe “ Plain Aggregate, 
IV. “ Reinforced Concrete, 


V. Suggested Researches on Concrete and Related Subjects, 
VI. References to Papers and Reports Published during 1927. 


The majority of investigations under way are concerned with plain 
concrete as was the case in previous years. Of the investigations on plain 
concrete, such subjects as methods of curing, methods of testing, and de- 
termination of the physical properties of concrete appear to be receiving 
the most attention, although investigations of the properties of cement and 
aggregates and of methods of testing these constituents of concrete are 
increasing in number. Investigations of reinforced concrete are directed 
toward the solution of problems in design of dams and arches, beams, and 
slabs. An important part of this year’s report is the list of papers on 
concrete and related subjects which was compiled from engineering journals 
published in the United States and in foreign countries. 

The committee expresses its appreciation to the many organizations 
and individuals who have co-operated by furnishing information for this 
report. 

This report has been submitted to letter ballot of the committee, which 
consists of 12 members, of whom 10 have voted affirmatively, none nega- 
tively, and 2 have refrained from voting. 

H. F. GoNNERMAN, Ohairman. 
F, E. Ricuart, Secretary. 
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Many of the researches listed below have not been completed and, in 
general, reports giving data of the tests are not available. In a few in- 
stances reference is made to the publication of reports. The conclusions 
given for certain of the investigations are those of the investigator and 
do not necessarily represent the views of the committee. 


I. CEMENT. 


Constitution of Portland Cement.—(Portland Cement Association Fel- 
lowship, National Bureau of Standards, Washington, D. C.). This is a 
continuation of an exhaustive chemical and physico-chemical study of port- 
land cement and the pure compounds of which it is formed. Notable prog- 
ress has made in phase equilibria studies. Other important phases of this 
investigation which have been finished or have approached completion are 
concerned with the complete hydrolysis of compounds occurring in portland 
cement, with the reaction of setting and hardening in these compounds, 
and with the action of various salt solutions on the reaction products. 

Two-Inch Cubes as Test Specimens for Portland Cement.— (University 
of Maine, Orono). This investigation included tension and compression 
tests on 102 samples of portland cement of many different brands. Results 
described in Bulletin 19 of the Maine Technology Experiment Station. 

Constitution and Properties of Portland Cement.—(Board of Water 
Supply, City of New York). A continuation of physical and chemical 
investigations of cement with a view to determining those characteristics 
which govern permanency of concrete, and its durability in service, 

Tests of Portland Cements.—(Lehigh Portland Cement Co., Allentown, 
Pa., in co-operation with sub-committee VII of A. S. T. M. Committee C-1 
on Cement). These tests were carried beyond those outlined by the sub- 
committee, and include a year’s experimentation with fluid neat cement 
mixtures, and, other types of test. 

Development of Damp Closet for Cement Testing.—(Lehigh Portland 
Cement Co., Allentown, Pa.). The simplest solution seems to be a type of 
closet that provides for both moist air and flowing water storage, the 
latter eliminating need for special heating or refrigeration when the tem- 
perature of the entering water can be maintained at or near 70 deg. F. by 
an automatic valve or other temperature controlling device. This scheme 
has been found adequate to maintain the temperature of the closet well 
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within the specification limits through a round of seasons, and without 
insulation of the closet. Practically 100 per cent relative humidity can be 
maintained with an atomizer of the type supplied commercially to the tex- 
tile industry. 

Volume Changes in Neat Cement Pastes.—(Lehigh Portland Cement 
Co., Allentown, Pa.). Determination of the differences in amount of shrink- 
age and expansion of cement bars 2x 2x 10 em., under the same conditions 
of exposure. Special type gage equipped with an Ames dial graduated to 
hundredths of a millimeter, and which can be read to thousandths of a 
millimeter, is used for measuring volume changes. Attention is given to 
volume changes in different cements in relation to free lime ‘content, 
strength, behavior under accelerated curing, etc. This is a long-time inves- 
tigation, and will be a source of information for some years. 

Effect of Various Types of Gypsum on the Properties of Oement.— 
(Lehigh Portland Cement Co., Allentown, Pa.). Cement clinker was ground 
in a laboratory mill with different percentages of three types of gypsum: 
one normal, one containing a considerable quantity of anhydrite, and one 
by-product gypsum of the phosphate industry. The effects of each on the 
time of setting and tensile strength of standard sand mortar, and on com- 
pressive strength of concrete are being determined. 

Portland Cements in Mortars and Concretes.— (Pennsylvania Depart- 
ment of Highways, Harrisburg). A study of the relation between the 
strength of portland cement, as revealed by results of standard laboratory 
tests, and the strength of the resulting concrete. The tests indicate that 
the strength of the concrete, particularly at early ages, is proportional to 
the strength of the cement used. 

An Investigation of Lumnite Cement.—(Washington University, St. 
Louis). Compression tests of 1: 2: 4 Lumnite cement concrete of different 
water-cement ratios at 7 ages ranging from 1 day to 1 year. The con- 
clusions from available data may be summarized as follows: 


(1) Variation of water-cement ratio with lumnite cement had an 
effect similar to the variation with portland cement; that is, 
a high water content decreased the strength. 


(2) Curing after 24 hours apparently had no effect on strength except 
in the case of immersed specimens, the strength of which was 
lower than that of the air-cured specimens. 


Strength of Cement Mortar and Concrete.—(lowa State Highway Com- 
mission, Ames). Laboratory and field tests to determine the relationship 
between the strength of cement mortar and concrete. 


Effect of Quality of Portland Cement upon Strength of Ooncrete.— 
(Michigan State Highway Lab., Ann Arbor, and U. S. Bureau of Public 
Roads}. A study of the relationship between tensile strength of cement 
and strength of the resulting concrete. 

Relation Between Tensile Strength of Cement and Strength of Result- 
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ing Ooncrete.— (Minnesota Highway Department, St. Paul). Parallel tests 
on cements of different strength and on concretes made from these cements. 
Humidity Equilibria of Hardened Cement Pastes—(Research Labora- 
tory, Portland Cement Association, Chicago). Many of the properties of 
concrete are dependent upon the degree of combination of water with the 
cement and the tenacity with which the water is held by the cement under 
various conditions to which the concrete is subjected. It is known in a 
qualitative way that the water which goes into a state of stable combina- 
tion with cement is affected by various factors, but few data of a quanti- 
tative nature are available. These tests are being made to obtain some 
quantitative measure of the effect on the quantity of water held in chemi- 
cal combination or by capillary attraction of the following factors: (1) 
quantity of mixing water, (2) age of the cement paste, (3) temperature of 
curing, (4) temperature of testing, and (5) moisture condition of air. 


. 


II. AGGREGATES.* 


Mineralogical Content of Maine Sands in Relation to Mortar Strength. 
—(University of Maine, Orono). This investigation is an attempt to 
ascertain the effect of mineralogical character of Maine sands on resulting 
tensile strength of 1:3 mortar briquets at 7 and 28 days. Increase of 
granitic material (portion of sand which is either quartz, feldspar, or 
mica) results in lowering of mortar strength. For a complete report of 
these tests, see Proceedings, National Academy of Sciences, Vol. 13, p. 351, 
June, 1927. 

Mechanical Analysis of Sand.—(University of Maine, Orono). Statis- 
tical study of laboratory sampling, and inter-relationship of size of sand 
particles in Maine sands. Results published in Bulletin 18 of the Maine 
Tech. Exp. Station. 

Influence of Iron Content on Mortar Strength.—( University of Maine, 
Orono). Data indicates that iron content of sand has important influence 
on tensile strength of mortar, the larger the amount of iron the greater 
the average tensile strength. Report published in Proceedings, National 
Academy of Sciences, Vol. 13, p. 263, April, 1927. 

Use of Louisiana Gravels as Aggregates.— (Louisiana State Univer- 
sity and Louisiana Highway Commission, Baton Rouge). Compression, 
flexure, and wear tests being made to determine methods of proportioning 
for specification basis. 

Effect of Character of Coarse Aggregate on Concrete.—(Minnesota 
Highway Department, St. Paul). Transverse and compression tests of con- 
crete using various gravels and crushed stones. Results show that physical 
characteristics of aggregates have some effect on strength of concrete, 
especially in transverse tests. Sandstone weaker in cross bending than the 
compressive strength would indicate. 


*See also addenda, p. 776, 
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Application of Water-Cement Theory to Testing of Sand.—(Minne- 
sota Highway Department, St. Paul). Investigation to establish more 
reliable test for quality of concrete sands. Tensile, compressive, and trans- 
verse tests on fluid mortars in comparison with standard sand tests. 

Relation between Standard Abrasion Tests and Abrasion Tests on 
Smaller Sizes of Gravel and on Crushed Gravels.— (Minnesota Highway 
Department, St. Paul). Abrasion tests on gravel of sizes recommended by 
committee on Materials of American Association of State Highway Officials 
for purpose of establishing specification limits for abrasion tests run on 
gravels smaller in size than present standard, and on gravels containing 
crushed material. 

Soundness Tests on Gravel.—-(Minnesota Highway Department, St. 
Paul). Proposed investigation to determine resistance to weather of vari- 
ous Minnesota gravels. 

Concrete from Unsouwnd Stone.—-(Kentucky State Highway Depart- 
ment and University of Kentucky, Lexington). Stone used was a low-grade 
blue shale which failed under sodium sulphate test within 24 hours, and 
completely failed when exposed to weather within 30 days. Concrete made 
from this stone both as fine and coarse aggregate. Mortar briquets showed 
no sign of failure when given the sodium sulphate test, and retained their 
full strength. The concrete cylinders after six months’ exposure to the 
weather, showed no sign of failure. 

Use of Coarsely Graded Screenings with Sand that Does not Meet 
Specifications.— (Kentucky State Highway Department and University of 
Kentucky, Lexington). Mixing 1/3 part screenings with 2/3 parts sand 
increased mortar strength ratio from 0.5 to 1.1, using these two materials 
as fine aggregate in a properly designed mix produced satisfactory con- 
crete strength. 

Tests on Aggregates.—(Research Laboratory, Portland Cement Asso- 
ciation, Chicago). Many questions have been raised regarding the various 
properties of the aggregate on the properties of the concrete, but very few 
conclusive experimental data are available on many of these questions. 
This investigation was undertaken with a view to clearing up some of the 
present uncertainties, the purpose being to study as fully as possible the 
role of the aggregate in the finished concrete. The tests include studies on 
the relation between shape, size, gradation, surface peculiarities, durability, 
and other properties of aggregates on the workability and strength of the 
resulting concrete. 

Study of Methods of Determining Moisture in Sand.—(Research Lab- 
oratory, Portland Cement Association, Chicago). A study of methods of 
determining the moisture content of sands. In addition to drying, the 
following five methods were used: (1) displacement with cylindrical con- 
tainer; (2) displacement with Chapman flask; (3) use of McIlvaine mois- 
ture meter; (4) Collins’ hydrometer method; and (5) drying to constant 
weight by igniting mixture of sand and alcohol. 
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III. PLAIN CONCRETE. 


The researches under way on plain concrete which are described below 
have been listed under the following classifications: 


Admixtures Poisson’s ratio 
Autogenous healing Proportions 
Carbon dioxide Retempering 
Curing Sea water 
Dams : Strength: 
Durability Compressive 
Field tests and control Flexural 
Flow under load Tensile 
Jigging and vibration Temperature effects 
Mixing water Test methods 
Pavements Volume changes 
Permeability Workability 
"Yield 


ADMIXTURES.* 

Effect of Hydrated Lime on Concrete.—(University of Missouri, Co- 
lumbia). Tests conducted during construction of the University of Mis- 
souri stadium on concrete with and without hydrated lime. Results given 
in Concrete, vol. 31, p. 16, July, 1927. 

Atomite as an Admizxture in Concrete.— (Engineering Experiment Sta- 
tion, Oregon Agricultural College, Corvallis). A study of the consistency, 
strength, permeability and wear resistance of concrete made with an admix- 
ture of atomite, a pulverized diatomaceous earth mined in Oregon. 

Co-operative Studies to Determine the Fineness of Powders Too Fine 
to Be Separated by Means of Sieves.—(Lehigh Portland Cement Company, 
Allentown, Pa., in co-operation with sub-committee on Size and Shape of 
A. S. T. M. Committee E-1). Development of means of classification and 
designation of various particle sizes by specific measurements so that 
standard methods of mechcanical analysis may be extended to very fine 
powders. Analyses were made of various powders using the air-classifier; 
microscopical measurements will be made and results compared with com- 
puted sizes. 

Effect of Diatomaceous Earth on Strength and Other Properties of 
Concrete.— (University of California, Berkeley). Tests made with Celite 
during 1925 were repeated using pacatome, another brand of diatomaceous 
earth, in concretes of various cement ratios, various fineness moduli, and 
of constant consistency. Compressive strength, modulus of elasticity, and 
yield were studied. 

Admiatures in Concrete.— (Minnesota Highway Department, St. Paul). 
Transverse tests were made on concretes containing admixtures of calcium 
chloride, calatom, and hydrated lime for comparison with tests made on 
plain portland cement concrete and lumnite cement concrete, first using 


*See also addenda, p. 776. 
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the same water-cement ratio, and then using the same flow. As shown 
by the flow and slump, calcium chloride slightly increased workability, 
while the other admixtures decreased it. There were no marked advan- 
tages in using any of these admixtures. 

Tests of Portland Cement Colors.—(Research Laboratory, Portland 
Cement Association, Chicago). Continuing investigation of tinting quality 
and color permanence of 275 commercial colors in mortars upon exposure 
to weather. While the character of the aggregate has but little effect on 
the color of the mortar at early ages, it is evident from the data on hand 
that neutral colored aggregates or aggregates of colors harmonizing with 
the pigment used are necessary if a color, which will be permanently pleas- 
ing, is to be obtained. The pigments themselves have shown very little 
fading in most cases, but exposure of the aggregate has caused a change in 
the appearance of the mortar. Strength tests have shown that with the 
exception of carbon black, the pigments, which are otherwise suitable, do 
not have any conspicuously adverse effects on the strength of portland 
cement mortar when added in quantities commonly used. 


AUTOGENOUS HEALING. 

Autogenous Healing of Portland Cement Mortar Briquets.—(Univer- 
sity of Colorado, Boulder). Distinct healing occurs following original ten- 
sion tests at ages of 3, 7, and 28 days, 3 and 6 months. Greatest healing 
follows test at early age; will reheal after retest to less extent. In gen- 
eral, rich mixtures heal more than lean ones. All water-cement ratios 
heal. Healing takes place in both running and stagnant water, but no 
definite quantitative laws are in evidence yet. 


CARBON DIOXIDE. 


Resistance of Concrete to Water Acidified with Carbon Dioxide— 
(Washington State Highway Department, Olympia). Tests on 500 2 x 4-in. 
cylinders to determine rate and extent of attack under hydrogen-ion con- 
centrations ranging from pH 5.8 to pH 7.0, and factors influencing re- 
sistance. During first month of exposure at pH 5.8, average loss of lime 
from specimens was 7 per cent of original quantity present in cement. 
Rate of loss decreased to about .75 per cent per month at end of 6 months. 
At pH 7.0, change in weight of specimens indicates very small loss of 
lime. 

Curine.* 

Various Methods of Ouring Concrete—(Ohio State Highway Depart- 
ment, Columbus). Effect of wet earth, wet straw, calcium chloride (both on 
surface and in the mix), and sodium silicate curing on compressive and 
flexural strength of concrete. 

Effect of Moist Closet Temperature on Strength of Standard Cement 
Mortar Briquets.—(Indiana State Highway Comm., Indianapolis). Tests 
designed to show importance of rigid control of moist closet temperature. 


*See also addenda, p. 776. 
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Calcium Chloride as Curative Agent.—(Pennsylvania Department of 
Highways, Harrisburg). Investigation was begun in 1918 and has been 
completed. Standard tests on mortars and concrete, and service tests on 
concrete in which calcium chloride was used integrally show that calcium 
chloride is an efficient curing agent, and recognition has been given it in 
specifications as an alternative method of curing. 

Field Curing of Concrete.—(Minnesota Highway Department, St. 
Paul). Determination of relative value of different methods of curing con- 
crete in field. Specimens used were beams sealed with asphalt on sides, 
ends, and bottoms, only the top being subjected to curing. The methods 
used were wet earth, calcium chloride, sodium silicate, wet burlap, and no 
curing. 

DAMS. 

Physical Properties of Ooncrete.— (University of California, Berkeley). 
Study of the properties of concrete which have a bearing on interpretation 
of data collected in the field in connection with the Stevenson Creek arch 
dam investigation sponsored by Engineering Foundation covers data on 
temperature and humidity control, modulus of elasticity, volumetric 
changes, effect of fines upon shrinkage, flow under continued stress, per- 
meability, and coefficient of thermal expansion. 

Investigations of Models of Arch Dams.—(University of Colorado, 
Boulder, U. 8S. Bureau of Reclamation, and Engineering Foundation). 
Purpose of investigation is to increase knowledge of arch dam analysis. 
The first model to be tested is one of the Stevenson Creek test dam. It 
will be about one-tenth actual size, will be loaded with mercury, and accu- 
rate strain and deflection measurements will be taken. 


DURABILITY. 


Durability of Conerete.—-(Hydro-Electrie Power Commission, Toronto). 
A continuing investigation begun in 1924 covering a wide variety of con- 
cretes and mortars. Thus far studies in absorption by capillary action 
have been made on mortars and concretes, besides freezing and thawing 
tests on small and large specimens, and microscopic studies of pore dis- 
tribution in concretes. 

Methods of Rendering Concrete Resistant to Alkali Attack.—(Iowa 
State Colleges, Ames). Studies of methods of making concrete resistant 
to alkali attack, especially in the field of concrete drain tile. Small con- 
crete cylinders immersed in various alkali solutions are observed from time 
to time, and deterioration and change in volume noted. No data available 
at present, but preliminary report in preparation. 


FieL_p TESTS AND CONTROL. 


Proportioning of Materials.—(Wisconsin State Highway Commission, 
Madison). Beams and cylinders made on two paving jobs, and cores taken 
from road in an investigation of the strength of concrete in the field, using 
weight and volumetric proportioning of the aggregates. 
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Transverse Tests of Concrete in Field.— (Pennsylvania Department of 
Highways, Harrisburg). Principal factors in favor of transverse test for 
determining quality of concrete are its cheapness, simple operation, relia- 
bility, and concordance of results. Actual tests conducted on each con- 
tract in the state show increased strength due to closer control of con- 
sistency. The opening of roads to traffic is thus placed on a sound engi- 
neering basis, as this is done when the required strength is obtained rather 
than at some stated period. 

Field Tranverse Tests of Concrete (Minnesota Highway Department, 
St. Paul). Transverse tests made on 6x 6x 30-in. beams using several 
methods of loading. Standardization of this test is important as tests 
show that careful attention must be given to method of applying load, to 
method of supporting beam, and to the rate of application of load. 


FLow Unprer Loap. 


Effect of Proportions of Materials on Plastic Flow of Concrete.— (Ohio 
State University, Columbus). A continuing investigation which includes 
effect of properties of materials on plastic flow of concrete. Conclusions 
drawn from available data are that plastic flow is very much greater at 
the early ages of loading and for the rich concrete. 

Flow of Concrete under Continuous Compressive Strength.— (Univer- 
sity of California, Berkeley). A continuing investigation, the results of 
which appear to establish that: 


(1) The older the concrete at time of loading, the less rapid the rate 
of flow. 

(2) The flow varies with magnitude of the stress, but this variation 
is not uniform, being more rapid at higher stresses. 

(38) After long period of time, flow is materially less for water-soaked 
specimens than for those cured in air, though in some in- 
stances the rate of flow is more rapid for wet specimens than 
for dry during the period immediately following application 
of load. 

(4) Six months after loading, wet specimens show a flow which is in 
general less than the instantaneous deformation which accom- 
panies the application of load, but dry specimens show a flow 
materially greater than the strain accompanying application 
of load. 

(5) In a general way flow varies with the instantaneous deforma- 
tion and hence varies inversely as the modulus of elasticity of 
the concrete. 


JIGGING AND VIBRATION. 
Effect of Jigging during Setting Period on Strength of Concrete.— 
(University of California, Berkeley). Method was described in last year’s 
report of this committee. Results to date are as follows: 
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(1) Jigging of 6x12-in. concrete cylinders increases compressive 
strength from 70 per cent to more than 100 per cent of 
strength of unjigged concrete for a 1: 6 mix tested at 28 days. 
Gain in strength when tested at 28 days, however, appears to 
bear no relation to gain in strength at 90 days. 

(2) Rate of jigging has no effect upon final strength, but slower rates 
require a longer time of jigging to produce same increase in 
strength. 

(3) Rapid jigging produces segregation which, if carried on too long, 
develops smaller increase in strength over unjigged concrete 
than that developed by shorter periods of rapid jigging. 

(4) Celite in small quantities (2 per cent by weight of cement) pre- 
vents segregation of jigged concrete, but strength is less than 
for concrete without celite. With 10 per cent of celite, the 
jigged concrete showed an increase in strength of 117 per cent 
over the unjigged concrete with celite, and gave a greater 
strength than the jigged concrete without celite. 

(5) Clay in small quantities (1.6 per cent. to 5 per cent by weight of 
cement) prevents segregation of jigged concrete, but strength 
is less than for concrete without clay. 


MIxING WATER. 

Effect of Removal of Excess Mixing Water upon Strength of Concrete. 
— (Washington University, St. Louis). Study of the effect of removal of 
water on strength of concrete which fs poured too wet, and of effect of 
absorbent molds. Concrete of approximately a 1: 2:4 mix was poured 
into absorbent molds of Rockwood, a gypsum product, using water-cement 
ratios of 1.2, 1.5, and 1.8. The molds were usually stripped at 6 or 7 days, 
and the majority of tests made at age of 7 days. Comparison was made of 
all mixes with standard 6 x 12-in. cylinders made and cured in steel molds. 
Results thus far obtained show that removal of excess mixing water by 
use of absorbent molds produces concrete which at 7 days has a strength 
greater than the strength at 28 days predicted from Abrams’ curve. The 
percentage of increase is greater as the water-cement ratio is increased. 


PAVEMENTS. 
Pavement Condition Survey.—(Michigan State Highway Department, 
Lansing). Correlation of pavement conditions with soil, under drainage 
design, pavement design, age, and traffic. 


PERMEABILITY.* 

Permeability Tests.— (University of Washington, Seattle). An inves- 
tigation to determine rate of flow of water through concrete block 8 in. 
thick under pressure of 150 Ib. per sq. in. for various water-cement ratios, 
for various slumps with constant water-cement ratio, for various percent- 
ages of sand and gravel, and various gravels. Effect of pressure also 
studied. Tests thus far made show that no water flows through bleck 


*See also addenda, p. 776. 
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with a water-ratio 0.90; slight leakage with a water-ratio 1.00; and sharp 
rate of increase of flow for water-cement ratios greater than 1.00. 

Permeability Tests.—(Detroit Edison Co., Detroit). Investigations 
being made for purpose of establishing danger line in cement economy for 
general foundation concrete. Six x 12-in. test cylinders, same materials but 
with varying cement content, were placed under head of water and loss 
of head recorded after 7 and 28 days curing. Cylinders then broken and 
studied. The consistent results of the tests already completed indicate the 
possibility of definite conclusions when sufficient number of tests has been 
made. 

Waterproofing Compounds and the Permeability of Concrete. (Uni- 
versity of California, Berkeley). Tests begun in 1926 to determine relative 
efficiency of various integral waterproofing compounds. Flat, disc-like 
specimens under pressure to top surface and collected in funnel clamped to 
lower surface. Preliminary tests show that 2-in. discs of well-graded 
1: 2:4 concrete were watertight under heads of 400 ft. Distilled water 
used, and that which percolated through specimens subjected to chemical 
analysis. Specimens tested at various ages. 


PoIsson’s RATIO. 


Modulus of Elasticity and Poisson’s Ratio for High Alumina Cement 
Concrete.— (University of Minnesota Engineering Experiment Station, 
Minneapolis). Martens type extensometers used in measurement of lateral 
and longitudinal deformations of cylindrical concrete specimens of varying 
characteristics. 

Modulus of Elasticity and Poisson’s Ratio.—( University of California, 
Berkeley). Tests begun in 1924, and will be completed in April, 1928, when 
200 6x 12-in. cylinders will have been tested in compression. The only 
variables are richness of mix and age of concrete. Both axial and trans- 
verse strains measured with mirror extensometers, observations being made 
to millionths of an inch. Results so far obtained may be summarized as 
follows: 

(1) The older the concrete, the more nearly do axial and transverse 

strain diagrams approach straight lines. 

(2) Increase in cement ratio is accompanied by increase in modulus 
of elasticity until certain maximum is reached beyond which, 
if cement ratio is stili further increased, there is reduction in 
value of modulus of elasticity. 

(3) Modulus of elasticity increases with age, but after one year in- 
crease is very slow. At age of two years, modulus of elas- 
ticity may be 50 per cent higher than at one month. 

(4) In a general way, Poisson’s ratio varies with modulus of elas- 
ticity, increasing with age of concrete and with cement ratio 
until the maximum is reached, beyond which an increase in 
cement ratio results in a decrease in Poisson’s ratio. How- 
ever, this is not so marked as the case of modulus of elas- 
ticity. 
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(5) Poisson’s ratio varied with stress, being somewhat greater for 
low unit stresses than for high ones. In general, for unit 
stresses above 200 lb. per sq. in., the ratio does not vary 
more than 10 per cent. 


Determination of the Modulus of Elasticity of High Alumina Cement 
Concretes.— (University of California, Berkeley). Mortar strength tests 
were made on 2x 4-in. cylinders, and on tension briquets. Modulus of 
elasticity of 6x 12-in. cylinders determined by use of mirror extensometer. 
Strength tests also made. 


PROPORTIONS. 


Economies of Concrete Mixtures— (Hydro-Electric Power Commission, 
Toronto). Development of data whereby probable best proportions for any 
given set of aggregates can be closely approximated in advance, and effect 
of cost of screening, regrading, or other changes in aggregates can be deter- 
mined so that their suitability may be judged. Same data, because of their 
completeness, will be available for many other studies of concrete mixtures. 

Proportioning of Concrete by Weight.—(Pennsylvania Department of 
Highways, Harrisburg). Results of this investigation, which was carried 
on to insure greater uniformity in concrete and to compensate for bulking 
of sand, showed less variation in strength of concrete proportions by weight 
than by volume and greater yield for weight proportioning. 

Design of Mix Using Low Grade Aggregates.—(Kentucky State High- 
way Department and University of Kentucky, Lexington). About 80 per 
cent of the deposits of inferior sand and gravel investigated gave satis- 
factory strengths with cement factor increased from 5 to 25 per cent, 
depending on the aggregate. 

Design of Concrete of High Early Strength Using Standard Aggre- 
gates, Ordinary Portland Cement, and Calcium Chloride.— (Kentucky State 
Highway Department and University of Kentucky, Lexington). By this 
method it was possible to construct a slab bridge and at the same time 
keep the road open to traffic. Cylinders were tested at 1, 2, 3, 4, 7 and 28 
days; temperature range was from 25 to 70 deg. F. At 4 days it was found 
that concrete had sufficient strength, and the bridge was opened. The mix 
required 2.25 bbl. cement per cu. yd. with 3 per cent calcium chloride. If 
bridge had ‘been constructed during the summer, it could have been opened 
in 3 days with safety. 


RETEMPERING. 


Effect of Retempering on Strength of Concrete.— (University of Kan- 
sas, Lawrence). Investigation to ascertain how long centrally-mixed con- 
crete may be held before placing. 

Tests of Retempered Concrete.— (Research Laboratory, Portland Ce- 
ment Association, Chicago). A continuing investigation, the purpose of 
which is to determine the effect of retempering and prehydration, both on 
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the workability of concrete and on the resulting strength. Some of the 
more significant features covered by the investigation were studies of: 


(1) Strengths and workabilities of concrete mixes of a wide range of 
water-cement ratios after standing in air-tight cans for vari- 
ous periods from 0 to 6 hours after mixing. 

(2) The amount of water required to restore concrete to its original 
condition of workability (as measured by the flow table) after 
standing 2 to 6 hours subsequent to mixing, and its effect on 
the strength. 

(3) Effect of premixing cement and water for periods up to 30 min. 
before mixing with ageregate for 14 to 10 min. 


Workability tests were made on concrete, using a 30-in. flow table. 
Compression specimens were 6 x 12-in. cylinders, 


SEA WATER. 


Resistance of Concrete to Sea Water—(U. S. Bureau of Yards and 
Docks, Washington, D. C.). Tests in progress since 1925 to determine best 
mix, aggregates, admixtures, surface treatment, and cement for concrete 
exposed to sea water. 

Liffect of Sea Water on Strength of Plain Concrete.— (University of 
California, Berkeley). In this investigation the effect of sea water for 
mixing and curing on the compressive strength of 6 x 12-i “in. cylinders was 
studied. The results were as follows: 


(1) A decided decrease in strength was observed when sea water was 
used for mixing. 

(2) Sea water, when used for curing, has no effect on fresh water 
concrete. 


STRENGTH: COMPRESSIVE. 


Age-Strength Relations for Concrete.— (Lehigh Portland Cement Co., 
Allentown, Pa.). An investigation of factors influencing the age-strength 
curve. Aside from characteristics of the cement, such factors may be type 
of aggregates, proportions, consistency, water-cement ratio, and absolute 
strength. These investigations have eliminated type of aggregate as a 
major factor, varying proportions have not been included in these studies, 
and the last three factors are now under investigation. The indications 
are that either wetter consistencies or higher water ratios retard the gain 
in strength at early ages, so that the familiar age-strength curve may be 
concave downward for relatively stiff mixtures, approximately a straight 
line for medium consistencies, and concave upward for wet mixtures. 

Studies of Unit Compressive Strength of Concrete.—(Lehigh Portland 
Cement Co., Allentown, Pa.). These studies made on concrete from aggre- 
gate % in. in maximum size molded in 3x6-in. and 6x 12-in. cylinders. 
At 28 days the average strength of the 3x 6-in. cylinders was 2.2 per cent 
less than that of the 6x 12-in.; at earlier ages the agreement was even 
closer. The mean deviation from the average for sets of ten 6x 12-in. 
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cylinders was less than 3 per cent at all ages of test, and that for sets 
of fifty 3x6-in. cylinders was less than 4 per cent at all ages of test. 

Effect of Curing Condition and Condition at Test Upon Compresswe 
Strength.— (University of Colorado, Boulder). The purpose of this series 
of tests is to furnish data to previously published findings (See Proceed- 
ings, Am. Soc. C. E., Jan., 1927; Proceedings, A. S. T. M., 1927; Proceed- 
ings, A. C. I., 1926). 

Relation Between Strength and Elasticity of Concrete in Tension and 
Compression.— (Iowa State College, Ames). Cylinders of various propor- 
tions of materials at various stages and cured by different methods were 
tested to obtain data on behavior of concrete in compression or tension. 


STRENGTH: FLEXURAL.* 


Effect of Repeated Stresses on Strength of Concrete.—(University of 
Texas Engineering Experiment Station, Austin)» Materials are being as- 
sembled for this study of the effect of various factors on the ultimate 
flexural strength of concrete under repeated load. The apparatus to be 
used is unique in that four specimens can be tested simultaneously. 


STRENGTH: TENSILE. 


Tension, Compression, and Transverse Tests of Plain Concrete.— (Re- 
search Laboratory, Portland Cement Association, Chicago). A continuing 
investigation described in the previous report of this committee. The tests 
were designed to show the relation between the tensile, flexural, and com- 
pressive strength of plain concrete, and between the modulus of elasticity 
in tension and compression as affected by size, grading, and type of aggre- 
gate, quantity of cement and mixing water, age, curing condition, and 
other factors. 

TEMPERATURE EFFECTS, 


Hffect of Temperature at Time of Test on Strength of Concrete.— 
(University of California, Berkeley). Tests of 6x12-in. cylinders or 
various cement ratios and of 1:3 mortar briquets and 2x 4-in. cylinders 
at different ages. Specimens tested at 130 deg. F. and at 10 deg. F. 

Effect of Alternate Freezing and Thawing on Strength of Concrete.— 
(University of California, Berkeley). Tests at intervals of 7 days on com- 
pression and tension specimens cured at normal temperatures and alter- 
nated between temperatures of 10 deg. F. and 110 deg. F. and tested. 

Length of Time to Protect Ooncrete in Cold Weather.— (Minnesota 
Highway Department, St. Paul). Concrete beams were exposed to freezing 
at different ages, and some repeatedly frozen and thawed. Beams were 
cured indoors at approximately 40 deg. and 70 deg. F. It was found that 
exposure immediately after casting is most injurious. Concrete cast and 
cured at 70 deg. F. is about one-third stronger than that cast and cured at 
40 deg. F. Concrete is not harmed by frost after three days’ protection, 
but needs additional curing to develop its full strength. 


*See also addenda, p. 776. 
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TEST METHODS. 


Effect of End Conditions on Strains in Concrete Cylinders.— (Univer- 
sity of California, Berkeley). Investigation to determine effect upon 
observed axial and lateral deformations of 6x 12-in. cylinders when loads 
are not applied uniformly over top and bottom of specimen. All test speci- 
mens will be identical. One-third will have their ends ground smooth and 
will be loaded over the entire top and bottom, one-third will be axially 
loaded through a 3-in. plate at top and bottom, and the remainder will be 
axially loaded through annular rings 1 in. wide and 6 in, outside diameter, 
placed at both ends of the specimen. 

Value of Sand Bearings in Eliminating Capping of Cylinders.— (New 
Hampshire Highway Testing Laboratory, Concord). Tests to determine the 
value of sand bearings in eliminating capping of cylinders especially those 
made in the field. Details of methods used are given in New Hampshire 
Highways, August, 1926. 

A Study of the Uniformity of Concrete.—(Research Laboratory, Port- 
land Cement Association, Chicago). This investigation was made to deter- 
mine the uniformity of test results obtained with present methods of mak- 
ing and testing specimens, and to determine the advisability of modifying 
them in certain details. Compression specimens of 6 x 12-in. cylinders were 
made for test at ages of 7 days to 1 year from concrete in which the mix 
and consistency were varied over a wide range. Comparisons were made of 
the strengths obtained when a graphite grease was used on the top and 
bottom plates in place of paraffined paper. The effect of retaining all the 
mixing water in the mold was studied by clamping the molds to the base 
plates and sealing all joints with paraffin. Specimens of identical mix- 
tures were made on the same day and on different days so that a deter- 
mination of the day-to-day and batch-to-batch variations could be studied. 


VOLUME CHANGE. 


Expansion and Contraction of Ooncrete Due to Changes in Moisture 
Conditions.— (University of. California, Berkeley). About 300 3x 3x 40-in. 
bars with steel contact points in the ends ranging from 1 month to 4 years 
old are under observation. Some specimens are continuously in water, 
some are continuously in dry air, and others are alternately wet and dried. 
The following are some of the results: 


(1) Oven-dried specimens stored in air of constant humidity and con- 
stant temperature expand and absorb moisture rapidly at 
{ first, and then at a gradually decreasing rate until finally a 
state of volumetric weight and equilibrium is reached. Their 
rate of increase in length and weight varies with the degree 
of humidity, and the magnitude of their expansion and absorp- 
tion is a function of the humidity. 
(2) Specimens stored in water increase in both length and weight, 
rapidly at first, and then at a decreasing rate. 
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Green and water-soaked specimens stored in dry air both shrink 
and lose weight, the rates of shrinking and water loss becom- 
ing less with passage of time. 

When concrete is thoroughly dried, it takes on a permanent 
shrinkage which is not recovered when it is again saturated, 
though it returns practically to. its original water-soaked 
weight. 

Oven-dried concretes varying as to richness of mix, stored in air 
at a given humidity, have an expansion and absorption vary- 
ing directly as the richness of the mix. 

When water-soaked concretes varying as to richness of mix are 
stored in dry air, the shrinkage is greater for rich mixes than 
for lean ones, and is also likely to be greater where the aggre- 
gates are of high surface modulus than where they are of low 
surface modulus. 

With granitic concretes containing varying percentages of granitic 
dust (fine material passing the No. 100 sieve), the percentage 
of fines has no appreciable effect upon the magnitude of the 
shrinkage when the concrete is dried, nor upon the expansion 
when the concrete is water-soaked. However, this is not true 
for other than granitic aggregates [see (6) above]. 


Study of Volume Changes, Their Causes and Oontrol.—( Research Lab- 
oratory, Portland Cement Association, Chicago). Various factors men- 
tioned in the literature on the subject are being investigated, among which 
are the following: 


(1) 


(9) 


Effect of regaging and remixing portland cement at various 
periods, 

Effect of sealing specimens of portland cement to prevent evap- 
oration during the hardening period, 

Variation in size of the particles of cement, 

Study of other cementing materials of various combinations, 

Behavior of inert powders mixed with water, 

Variation in size and shape of the specimens, 

Study of consolidation with various liquids differing in surface 
tension, 

Study of cements stored under various conditions for periods up 
to five years, 

Effect of variations in storage conditions of specimens themselves, 
such as curing in moist air, in ordinary air, and under water 
for various periods. 


Thermal Expansion of Concrete.—( University of California, Berkeley). 
It has been found that, for a 1:5 concrete made of well-graded granitic 
aggregates containing a slight excess of fines, there was very little, if any, 
difference between the thermal coeflicient of expansion at high temperatures 
and that at low temperatures. It was also found that wet specimens have 
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a slightly higher coefficient than dry specimens. ‘The results are gsum- 
marized in the following table: 


Coefficient of Thermal Expansion per 1 deg. F. 


Condition At 7 Weeks At 4 Months 
Weta Siang, jy ntl oak. 0.00000447 0.00000410 
Dy eee Aria uie tts bt he 0.00000379 0.00000390 


Other specimens which are now curing are made of concretes of various 
mixes. 

Expansion and Contraction of High Alumina Cement Concretes Due to 
Changes in Moisture Conditions.— (University of California, Berkeley). 
This investigation is being carried on using the equipment and following 
the procedure outlined above for portland cement concretes. 

A Study of Moisture-Volumetric Changes in Plain Concretes.— (Stan- 
ford University, Stanford University, Cal.). Observations are being made 
on changes in volume during first 48 hours, effect of admixtures on volume 
changes, and internal stress caused by moisture-volumetric changes. Meas- 
urement of changes in length are being made during curing and during 
immersion in water after being oven-dried. Stress-strain relation is meas- 
ured when specimens are dry and saturated, and under repeated stress. 


WoRKABILITY. 

Study of Methods of Determining Workability of Concrete by Use of 
the Slump Cone and Flow Table.— (Research Laboratory, Portland Cement 
Association, Chicago). The purpose of this study was to determine whether 
slump and flow tests as now made are being used to the best advantage or 
whether a combination of the two tests could be used to better advantage 
in determining the workability of concrete. The tests covered a wide 
range of mixes using three consistencies for each mix. In the flow table 
tests, the number of 14-in. drops ranged from 0 to 25 using a 634, x 10 x5- 
in. cone on a 30-in. flow table. Repeat tests are made on concrete molded 
in a 4x8x 12-in. slump cone. 

YIELD. 

Cement Factor.— (Kentucky State Highway Department and Univer- 
sity of Kentucky, Lexington). A study of the factors which influence the 
quantity of cement in a given mix. The cement factor cannot be con- 
trolled when aggregates are measured under ordinary field conditions; 
that is, loose and damp. Under such conditions the cement may show a 
so-called “over-run” of as much as 20 per cent. 


IV. RESEARCHES ON REINFORCED CONCRETE. 
Current researches in the field of reinforced concrete are ag follows: 


ARCHES. 

Analysis of Rubber Models of Skew Arches.-—(South Dakota State 
School of Mines, Rapid City). A comparison of the results of tests on 
rubber models under vertical loads with those obtained by theoretical 
analysis. 
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CHIMNEYS. 


Determination of Stress in Reinforced-Concrete Chimneys.— (University 
of Toronto, Toronto). Results of this investigation were published in 
November, 1927, in pamphlet on “Charts for Approximate Stress Deter- 
mination in Reinforced-Concrete Chimneys to Facilitate Work of Chimney 
Design.” This study consisted mainly in charting basic formulas. 


CULVERT PIPE. 


Strength of Culvert Pipe and Determination of Loads Caused by Em- 
bankments.—(Iowa State College, Ames). Determination of theory of 
loads on culverts, and ordinary supporting strengths of various types of 
culverts. For results of this investigation, which has been in progress for 
several years, see Bulletins 76, 79 and 80 of Iowa Engineering Experiment 
Station. 


x 


FRAMES. 


Tests of Reinforced-Concrete Frames.——(University of Illinois, Ur- 
bana). Study of resistance of frames to static and repeated lateral loads, 
and vibration of frames under impact. Horizontal loads were applied to 
frame by means of jack and dynamometer, repeated loads by use of fatigue 
machine. Vibrations were measured by means of mirror extensometers 
from which beams of light were thrown on photographic film. 


SLABS. 


Distribution of Shearing Stresses in Concrete Slabs under Concentrated 
Loads.—(Iowa State College, Ames). Investigation to determine the 
effective width of a portion of a floor slab which may be designed as a 
beam to carry concentrated loads. Special study is being given to shearing 
stresses. The shearing stresses at the support of the test slabs are assumed 
to be a function of the end reaction, the distribution of this end reaction 
being measured when a concentrated load is placed at various points on 
the slab. This distribution is being measured by a series of levers, ten in 
all, which are arranged to act as one abutment of the slab. When a con- 
centrated load is applied, a counterweight is moved on each lever until all 
are balanced, the position of the counterweight indicating the amount of 
the reaction which is being supported by each lever. 


V. SUGGESTED RESEARCHES ON CONCRETE AND RELATED 
SUBJECTS. 


The following list of subjects suggested for research was compiled from 
replies to the committee’s questionnaire: 


AGGREGATES. 


Study to determine accuracy and reliability of two methods recently 
proposed for rapid determination of moisture content of sand: (a) salt 
solution method, (b) water addition method. 
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Fine and coarse aggregates in concrete as a field for needed research. 

Method of determining quality of coarse aggregate, 

Use of high early strength cements for acceptance tests of fine and 
coarse aggregates. 

Abrasion tests for fine and crushed gravel. 

Effect of surface condition of coarse aggregates on strength of concrete 
as revealed by compressive and transverse tests. 


PLAIN CONCRETE, 


Thorough investigation of admixtures in concrete with relation to effect 
on strength, density, workability, watertightness, etc.: Determination of 
the proportions of hardened concrete; curing procedure for high alumina 
cement concrete; study of various methods of curing pavements; effect on 
surface of various methods of curing pavements; effect of temperature 
during curing; effect of oven drying on strength of moist-cured concrete 3 
thorough study of effect of ‘temperature on rate of hardening; effect of 
freezing on strength of concretes of varying moisture contents; durability 
of concrete under various conditions of exposure; durability of concrete 
from high early strength cements; most advantageous methods of finishing 
roads; properties of light-weight concretes; effect of time of mixing on 
retempered concrete of various slumps and water-cement ratios; planes of 
weakness in slabs and joints; economic possibilities of using concretes of 
higher designed strengths than 2,000 Ib. per sq. in. at 28 days; investiga- 
tion of strength at different heights of concrete members placed vertically; 
design of paving slabs on strength basis; effect on early transverse strength 
of methods employed to give high early compressive strength; effect of 
proportions of fine and coarse aggregate and consistency on strength of 
concrete as revealed by compressive and transverse tests; determination of 
relation of transverse to compressive strength for various types of beam- 
testing apparatus; standardization of the transverse test for field speci- 
mens; expansion and contraction of concrete block under variable tempera- 
ture and moisture conditions; expansion and contraction of masonry mor- 
tars; development of a test for determining workability of concrete; and 
quantitative investigation to determine fundamental factors which control 
slump and workability of concrete. 


REINFORCED CONCRETE. 


Anchorage of footing steel; hooks for anchorage of bars, radius of 
bend, compression under the hook, tendency of hook to straighten, com- 
parison with straight bar; test of skew arches under horizontal load; 
possibility of using elastic gelatin models to investigate probable stress 
distribution in certain highly indeterminate structures such as arch dams; 
comparison of measured stresses with theoretical stresses on upstream and 
downstream face of an arch dam; restraining effect of lateral ties in col- 
umns; effect of concrete shrinkage on column stresses; and study of col- 


umn splices, 
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Experimental investigation to secure data for design of reinforced- 
concrete wing-walls. Should include a study of external pressure acting on 
wing-walls, as well as a study of distribution of internal stresses within 
the wall. > 

Durability of out-door structures, especially with reference to corro- 
sion of steel and resulting failure. 

Analytical investigations, with some experimental verifications of: 


(1) Flat-slab theory and practical applications; 

(2) Multiple-arch bridges and dams; 

(3) Monumental building frame; 

(4) Economic possibilities of rib compensation in arches: 

(5) Local stresses in reinforced concrete at re-entrant angles, open- 
ings, and at other points of discontinuity of loading or shape; 

(6) Deflections of beams and slabs with speciai reference to deter- 
mination of moments of inertia and stiffness coefficients re- 
spectively, for use in analytical problems; 

(7) Combination of structural steel shapes and built-up members with 


concrete ;, 

(8) Investigation by means of models of stability of long-span slender 
arches ; 

(9) Mechanical methods of analysis for statically indeterminate 
structures. 


VI. REFERENCES TO PAPERS AND REPORTS ON RESEARCEES 
PUBLISHED DURING 1927. 


In compiling the accompanying list of references the aim has been to report 
only the more noteworthy articles. The references were compiled principally 
from the following publications: 

American Concrete Institute Proceedings; American Society Civil Engineers 
Proceedings ; American Society Testing Materials Proceedings ; Ceramic Abstracts ; 
Chemical Abstracts; Concrete; Hngineering News-Record; Engineering Experi- 
ment Bulletins ; Highway Research Board Proceedings ; Highway Research News ; 
Industrial and Engineering Chemistry; Journal, American Chemical Society ; 
National Bureau of Standards, Washington, D. C.: circulars, scientific papers. 
technical papers; Public Roads ; Rock Products ; Foreign Technical Publications : 
Annales des Ponts et Chaussées, Paris; Beton und Hisen, Berlin; British Board 
of Fire Underwriters’ Reports, London; British Institute of Structural Engineers, 
London ; Canadian Engineer ; Chemiker Zeitung, Gothen; Comptes Rendus, Paris; 
Concrete and Construction Engineering, London; Deutscher Ausschuss fur Hisen- 
beton, Berlin; Der Bauingenteur, Berlin; Hngineering Abstracts of Institution of 
Civil Engineers, London; Hngineering Jowrnal, (Canada) ; Forschungsarbeiten 
auf dem Gebiete des Ingenieurwesens, Berlin; Forscherarbeiten auf dem Gebiete 
des Hisenbetons, Berlin; Moniteur Scientifique, Paris; Scientific and Industrial 
Research Technical Papers, London; Stahi wnd Hisen, Dusseldorf: Tonindustrie 
Zeitung, Berlin; Zeitschrift der Deutscher Ing., Berlin; and Zement, Berlin. 


CEMENT. 


CONSTITUTION. 


Clinker Constitution and Development of Raw Mixes, by Tremmel; 
Zement, v. 16, p, 329, 353, 1927. 
Colloidal Theory of Cements, by T. Maeda; 
Journal Phys. Chemistry, v. 31, p. 988, June, 1927. 
Combination of Lime in Portland Cement Compounds, by Hansen and Bogue; 
Paper 10, Portland Cement Association Fellowship, Nov., 1927. 
Ind. and Eng. Chem., v. 19, p. 1,260, Nov., 1927.. 
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Decomposition of Water-Soluble Alkalis in Cement, by Killig; 
Zement, v. 16, p. 1, Jan. 6, 1927. 
Determination of Silica in Silicates by Means of Ultra Filtration; by H. Hardt; 
Zement, v. 16, p. 678, Aug. 11, 1927. 
Effect of rhemical Composition on Physical Properties of Portland Cement, by 
- R. Hutton; 
South African Journal Science, v. 23, p. 225, 1926. 
Hydration of Dicaleium and Tricalcium Silicates, by H. Beckmann; 
Zement, v. 16, p. 37, Jan. 20, 1927. 
Pesan of Various Methods in Analysis of Portland Cement, by Kablauner and 
imane; 
Zement, v. 16, p. 974, Oct. 13, 1927. 
Long Time Tests of High Magnesia Cements, by P. H. Bates; 
Proceedings, A. S. T. M., 1927. 
Portland Cement as a Colloid, by A. H. White; 
Colloid Symposium, v. 5, 1927. (Pub. by Chem. Catalog Co.) 
Preliminary Petrographie Study of Portland Cement, by Gillson and Warren; 
Journal Am. Ceramic Soc., v. 9, p. 783, 1926. 
Question of Lime Excess in Portland Cement, by Tippmann ; 
Zement, v. 15, p. 512, 1926. 
Relation Between Characteristics of Portland Cement and Deterioration of 
Concrete, by J. R. Baylis ; 
Concrete, v. 31, p. 13, July, 1927. 
Significance of Iron Content of Portland Cement, by Goslich; 
Zement, v. 16, p. 446, June 2, 1927. 
Silicates in Portland Cement, by P. H. Bates: 
ling. News-Rec., v. 98, p. 121, Jan. 20, 1927. ‘ 
Studies on System Lime-Alumina-Silica, by W. C. Hansen and others ; 
Journal Phys. Chemistry, v. 31, p. 607, April, 1927. 
Rock Products, v. 30, p. 64, April 16, 1927. 
Types of Crystals in Portland Cement Clinker, by Gittmann and Gille ; 
Zement, v. 16, p. 951, Oct. 6, 1927. 

X-ray Diffraction Measurements on Some Pure Compounds Concerned in Study of 
Portland Cement, by E. A. Harrington; Paper No. 8, Portland Cement 
Association Fellowship, Bureau of Standards ; 

Am. Journal Science, v. 13, p, 467, 1927. 
Studies on Hydrolysis of Compounds Which May Occur in Portland Cement; 
Paper 11, Portland Cement Association Fellowship, Bureau of Standards; 
Journal Phys. Ohem., v. 31, 1927. 
Tensile Strength of Portland Cement Constituents, by J. O. Draffin ; 
Proceedings, A. S. T. M., 1927. 


FINENESS. 


Air Separation Methods Used in Grinding Rock Products, by E. Shaw; 
Rock Products, vy. 30, (7 parts), April 2, 1927, to Oct. 15, 1927. 
Details of Research in Lime Grinding ; 
Rock Products, v. 30, p. 58, Feb. 19, 1927. 
Elutriator for Testing Cement; 
Rock Products, v. 30, p. 53, Nov. 12, 1927. 
Fineness of Grinding and Strength, by Wiger; 
Rev. Mat. des Const. et Trav. Pub., No. 208, p. 18, Jan., 1927. 
Zement, v. 15, p. 439, 1926. 
Fineness of poriland Cement and Its Influence on Rate of Hydration, by Hauen- 
schild ; 
Zement, v. 15, p. 453, 1926. 
Rock Products, y. 30, p. 60, April 30, 1927. 


. 
MANUFACTURE. 


Calculation of Mixes of Raw Materials for Cement, by Nitzsche; 
Rev. Mat. de Const. et Trav. Pub., No. 209, p. 37, Feb., 1927. 

Influence of Calcination Processes on Properties of Portland Cement, by Ullrich ; 
Zement, v. 16, p. 91, Feb. 10, 1927. 

Improvements in Manufacturing Processes and Quality of Portland Cement, by 


Hi. J. Hawkes ; ben 
Proceedings, Australasian Inst. Mining and Met., p. 57, 1926. 
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Manufacture of Portland Cement from Marl, by R. E. Kirk; 
Bull. 4, Univ. of Minn. Eng. Exp. Sta. 
New Measurements and Observations of Automatic Furnace for Burning Cement, 
by Richarz ; 
Zement, vy. 15, p. 492, 1926. 
Notes on Application of Meade’s Formula, by W. HE. Haskell; 
Concrete (CMS), v. 30, p. 119, April, 1927. 


Proportioning of Raw Cement Materials, by E. S., W. S. and W. A. Ernst ; 
Rock Products, v. 30, p. 73, Oct. 15, 1927. 
Recent Improvements in Quality of Cements, by Magnel ; 
Bull, Soc. Chim, Belgique, v. 36, p. 364, 1927. ; 
Reduction of Water Content of Portland Cement Raw Mix by Filtration ; 
Rev. Mat. de Const. et Trav. Pub., v. 22, p. 156, May, 1927 j 
Some Observations on Ring Formation in Sintering Zone of Rotary Kilns, by 
Biehl ; 
Zement, v. 16, p. 817, Sept. 1, 1927. 
Some Notes on Portland Cement Manufacture, by W. J. Pitt; 
Kock Products, v. 30, p. 66, April 30, 1927. 
Use of Calcium Fluoride in Cement Industry, by H. Becker ; 
Zement, v. 16, p. 305, 1927. 


x 


RESEARCH: GENERAL. 


Cement, by J. L. du Sablon; = 
Ann. Ponts et Chauss., p. 149, 218, Mar., Apr., 1927. 

Calcium Chloride and Cement, by Honus; 

Zement, v. 16, p. 3, Jan. 6, 1927; p. 223, Mar. 24, 1927. 

Development of German Cement Industry, by C. R. Platzmann; 
Rock Products, v. 30, p. 39, 1927. 

Handbook of Cement Literature, prepared by Friedrich Weeke under the direc- 
tion of German Association, published by Zementverlag, Charlottenburg, 
1927 ; 1,447 pages ; 

A comprehensive bibliography on portland cement which contains about 
12,000 references under the following headings: historical; port- 
land cement ; iron portland cement ; molten cement ; natural cement; 
other mortars, puzzolan, trass, ete.; use of cement for mortar 
and concrete; economics, prices, ete. ; personals. 

Fifty Years of Cement Industry, by Miller; 

Tonind. Ztg., v. 50, p. 46, 1926. j 

Five Decades of Research on Cements, by H. Kuhl; 
Tonind. Ztg., v. 50, p. 46, 1926. 

Newest Cement Investigations, by W. Obst; 

Zement, v. 16, p. 421, May 26, 1927. 


Portland Cement in Canada, by W. A. Toohey ; 
Canadian Mining and Met. Bull., No. 181, p. 561, 1927. 

Portland Cement in Concrete Engineering, by R. H. Bogue; 
Proceedings, A. C. I., v. 28, p. 355, 1927. 

Portland Cement for Shutting Off Oil Wells, by J. F. Hough; 
Proceedings, Am. Petroleum Inst., Dec. 7, 1927. 

Status of Portland Cement and Possibilities of Super Cement, by P. H. Bates; 
Rock Products, vy. 30, p. 77, Oct. 29, 1927. i 

Study of Portland Cement Strength Characteristics ; 
Bull. 17, Kansas State Agr. Coll. Eng. Exp. Sta., 1927; 
Rock Products, v. 30, p. 76, 1927. 

Why Time is a Factor in the Study and Use of Cement by P. H. Bates; 
Proceedings, A. C. 1. v. 23, p. 436, 1927. ait goer 


TEMPERATURE EFFECTS. 


Effects of Temperature and Humidity on Properties of Cements and Mixtures 
by M. Hirano; : 
Memoirs, Kyoto Imperial Univ., v. 4, No. 5, p. 261, Feb., 1927; 

Mechanical Engineering, v. 49, p. 1,015, Sept., 1927. ; 
This paper covers tests on the following subjects: 

ing on the strength of mortar and concrete, 

heat through the concrete mass, 
humidity on the time of setting of 
ture and humidity on the strengt 
thermal expansion of cement mortar 


(1) effect of heat- 
(2) distribution of 
(8) effects of temperature and 
cement, (4) effects of tempera- 
h of mortar and concrete (5) 
S with or without an admixture, 
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Evolution of Heat in Setting of Cement, by A. F. Samsioe; - 
Tek. Tidskrift (Stockholm), vy. 57, p. 25, 1927. 
Heat Goneeied During Setting of Rapid Hardening and Ordinary Portland 
sement ; 
Concrete and Cont, Hng., v. 22, May, 1927. 
High Strength Cement and Cold Water, by H. Kuhl; 
Zement, vy. 16, p. 660, Aug. 4, 1927. 


TEST AND Test Mernops. 


Alumina emer Caps Successful on Hardened Concrete Specimens, by O. V. 
Adams ; 
Eng. News-Rec., v. 98, Jan. 27, 1927. 
Constant Temperature-Humidity Box for Storage of Cement Test Specimens ; 
Tech. News Bull., 119, Nat. Bureau of Standards, p. 2, 1927. 
Comparison Between Boulogne, Vicat, and Flow Table Methods of Testing Con- 
sistency of Cement Pastes ; 
Engineering, v. 122, p. 821, Dec. 31, 1926, 
Compressive Tests of Cements, by Gehler ; 
int. Congress Testing Mat., 1927. 
Effect of Quality of Portland Cement Upon Strength of Concrete, by F. H. Jack: 


son ; 
Public Roads, v. §, p. 120, August, 1927, 
Influence of Moist Storage During Hardening on Tensile Strength of Mortar and 
Concrete, by G. Haegermann ; 
Zement, v. 15, p. 515, 1926. 
Quick Tests by Portland Cement and Factors Affecting Success of Works in 
Concrete, by P. Periani; 
Annali dei Luvori Publicci, Rome, vy. 64, p. 921, 1927. 
Present Status of Specification Testing of Portland Cements, by Ros; 
Int. Congress Testing Mat., 1927. 
Tests for Establishing Standard Cement Specifications, by Rengade ; 
Le Ciment, v. 32, p. 358, 1927. 
Transverse Test as Criterion of Cement Quality, by Nitzsche; 
Zement, v. 16, p. 21, Jan. 13, 1927. 
Tests of Hydraulic Binding Agents in Prisms of Plastic Mortar ; 
Rep. 2, Assn. Suisse pour l’Essai Materiaux (Zurich), Dee., 1926. 
Test Methods for Portland Cement in Various Specifications, by G. Haegermann; 
Int. Congress Testing Mat., 1927. 
Design of Constant Temperature Moist Closet, by W. F. Purrington ; 
Public Roads, vy. 7, p. 250, Feb., 1927; Concrete, Oct., 1927. 
Two-Inch Cubes as Test Specimens for Portland Cement, by Gowen and Leavitt; 
Bull. 19, Maine Tech. Exp. Sta., Nov., 1927. 


TIME OF SETTING. 


Effects of Temperature and Humidity on Properties of Cements and Mixtures 
by M. Hirano; 
Memoirs, Kyoto imperial Univ., v. 4, No. 5, p. 261, Feb., 1927; 
Mech. Eng., v. 49, p. 1,015, Sept., 1927. hag 
This paper includes data on the effects of temperature and humidity 
on the time of setting of cement. is 
Influence of Potash Lye on Setting and Hardening of Cement, by H. Burchartz; 
Zement, v. 16, p. 77, Feb. 8, 1927. 
Maximum Efficiency of Quick-Setting Cement and Concrete, by Spindel; 
Beton und Hisen, No. 6, 1927. 
Quick-Setting Cement and Concrete, by Spindel; 
Beton und Hisen, No. 1, 1927. 
Retarding Action of Lead Oxide on Cement, by B. Garre; 
Zement, v. 16, p. 469, June 9, 1927. 
Setting and Hardening Processes of Cements, by Nacken ; 
Zement, y. 16, p. 1,047, Nov. 19, 1927. 


VOLUME CHANGE. 


Expansion of Neat Portland Cement in Steam; 
Rock Products, v. 30, p. 57, Dec. 10, 1927. 
Thermal Expansion of Cement and its Rdéle in Payement and Chimney Construe. 
tion, by Luftschitz ; : 
Zement, v. 16, p. 42, Jan. 20, 1927. 
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CEMENTS OTHER THAN PORTLAND. 


Aluminous Cements, by H. Le Chatelier ; 
Le Ciment, p. 82, Mar., 1927. 

Aluminate Cement and Its Properties, by R. L. Morrison ; 
Canadian Eng., v. 52, p. 517, May 17, 1927. 

Aluminous Cement, by Le Chatelier and Duhameaux ; 
Int. Congress for Testing Mat., 1927. 


Additional Notes on Use and Characteristics of Lumnite Cement ; 
Le Ciment, v. 32, p. 377, Oct., 1927. 


Investigation of Hydraulic Compounds in Iron and Aluminous Cements ; 
Mon. Sci., v. 16, p. 97, 1927. 
Rock Products, v. 30, p. 71, 1927. 
Noteworthy Investigations with Alumina Cement Concrete, by Syffert ; 
Zement, v. 16, p. 518, June 23, 1927. 
Observations on Defective Concrete Made with ‘‘Ciment Fondu,” by HE. Freyssinet ; 
Le Genie Civil, Paris, v. 90, p. 266, 1927. 
ng. News-Rec., v. 98, April 28, 1927. 
Researches on Aluminous Cements, by R. Feret; 
Rev. Mat. de Const. et Trav, Pub., p. 265, Aug., 1927; p. 307, Sept., 1927. 
Special Cements, by J. Dautrebande ; . 
Rev. Chim. Ind., v. 36, p. 121, April, 1927; p. 151, May, 1927. 
Tests Made with Ciment Fondu in Mass Concrete, by Quinquet ; 
Rev. Generale Ohemins de Fer, 1927. ~ 
Ten Years of Research in Manufacture of Cements (Ciment Fondu) ; 
Le Oiment, v. 32, p. 407, Nov., 1927. 
History of So-Called Dolomite Cement and Influence of Burning Temperature on 
Character of Dolomitic Lime, by Kiepenheuer ; 
Zement, v. 15, p. 515, 1926. 
Super-Flambeau ; Quick-Setting Cement ; 
Electric Ry. Journal, v. 69, p. 386, Feb. 26, 1927. 
Control of Components for Magnesium Oxychloride Cements, by A. W. Comber ; 
Journal Soc. Chemical Ind., v. 46, p. 661, July 22, 1927. 
Uses of Magnesium Oxychloride or Plastic Magnesia Cement, by L. C. Stewart; 
Ind. and Eng. Chem., v. 19, p. 1,189, Oct., 1927. 
Hardening of Magnesium Oxychloride Cement and Function of Free Water, 
Crystal Water, and Adsorbed Water, by T. Maeda ; 
Sci. Papers, Inst. Phys. Chem, Res. (Tokyo), v. 5, No. 76, p. 141, 1926. 
effect of Size of Grain Upon Properties of Silica Cement, by S. 8S. Cole; 
Journal Am. Ceramic Soc., v. 10, p. 644, Aug., 1927. 
Blast Furnace Cement, by H. Burchartz ; 
Zentr, Bawverwalt., p. 241, 1926. 
Mitt, Materialpruf, p. 62, 1926. 
lxperimental Studies on Slag Cement; 
Le Oiment, v. 32, p. 384, Oct., 1927. 


PLAIN CONCRETE. 


ADMIXTURES. 


Influence of Calcium Chloride on Compressive Strength and Volume Constancy 
of Cement, Mortar, and Concrete, by O. Graf; 
Zement, No. 34, 1927. 
Use of Calcium Chloride as Curing Agent in Concrete, by Barrows; 
Roads and Streets, v. 67, p. 66, 1927. 
Effects of Calcium Chloride on Road Slab Concrete, by H. P. Olson; 
Eng. News-Rec., v. 98, July 14, 1927. 
Magnesium Chloride as Mortar Admixture; 
Beton und Bisen, v. 26, p. 188, March, 1927. 


Addition of Magnesium Chloride to Lime and Cement Mortar, by BE. Suenson; 
ingeniorem, vy. 35, p. 545, 1927, Copenhagen. 

Tests of Colors for Portland Cement Mortars, by R. Wilson; 
Proceedings, A. C. I1., v. 28, p. 226, 1927. 

Pigments for Coloring Portland Cement Mortar, by J. HB. Foster; 
Chem, and Met. Hng., v. 34, p. 487, Aug., 1927. 
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New Method of Coloring Cements and Mortars, by L. Kaul; 
Rev. Mat. de Const. et Trav. Pub., No. 209, p. 47, Feb., 1927. ae. 
Effect of Siliceous Admixtures on Physical Properties of Concrete, by Grun, 
Becker, and Buchholtz ; 
Betonstrasse, No. 8, 1927. 


Effect of Various Salts in Mixing Water on Compressive Strength of Mortars, 
by Giesecke, Thomas, and Parkinson; 
Bull. 2,730, Research Series 28, Univ. of Texas, 1927. 


AGGREGATES. 


Tests of Fine Aggregate for Concrete; Use of Lumnite Cement for Short Time 
Tests, by Thompson and Clair; 
Proceedings, A. S. T. M., 1927. 
Roads and Streets, v. 67, p. 351, Aug., 1927. 
Strength Tests of Sand for Concrete Work, by M. A. Durland; 
Concrete, v. 30, p. 41, April, 1927. 
Rapid Field Method of Determining Characteristics of Sand, by C. M. Chapman; 
Eng. News-Rec., v. 98, p. 955, June 9, 1927. 
Mechanical Analysis of Sand, by Gowen and Leavitt; 
Bull. 18, Maine Tech. Experiment Sta., May, 1927. 
Mineralogical Content of Maine Sands in Relation to Mortar Strength, by 
Leavitt and Gowen; 
Proceedings, National Acad. of Sci., y. 13, p. 351, June, 1927. 
Influence .of Iron Content on Mortar Strength, by Leavitt and Gowen: 
Proceedings, National Acad. of Sci. v. 13, p. 263, April, 1927. 
Qualities Required in Mixtures of Sand and Gravel for Concrete, by F. Hubner; 
Hoch and Tiefbau (Zurich), v. 25, p. 74, 1927 
Bulking of Sand and Its Effect on Concrete, by A. T. Goldbeck ; 
Bull. 1, Nat. Crushed Stone Assn., 1927. 
Rapid Test for Water Content of Damp Aggregates, by T. Collins ; 
Eng. News-Rec., v. 98, Oct. 13, 1927. 
Contractors and Eng. Monthly, v. 15, p. 92, Oct., 1927. 
Researches on Agrillaceous Impurities of Sand in Cement Mortars, by Elber; 
Rev. Mat. de Const. et. Trav. Pub., No. 210, p. 93, March, 1927. 
Sand and Silica for Concrete Work ; 
Tonind. Ztg., No. 63, 1927. 
Flints in Limestone, by F. V. Reagel ; 
Rock Products, v. 30, p. 90, April 16, 1927. 
Crusher Run Stone as Concrete Aggregate, by Ross and Macnaughton ; 
Canadian Eng., v. 52, p. 893, March 29, 1927. 
Coarse Aggregate in Concrete as Field for Needed Research, by H. J. Gilkey; 
Proceedings, A. C. I., v. 23, p. 363, 1927. 
Concrete and Concrete Aggregates, by M. O. Withey : 
‘ Proceedings, Highway Research Board, v. 6, p. 230, 1927. 
Proportioning Pit-Run Aggregate in Concrete, by J. H. Griffith ; 
Eng. News-Rec., v. 98, Mar. 10, 1927. 
Qualifications of Different Kinds of Natural Stone for Concrete Aggregate, by 
G. F. Loughlin ; 
Proceedings, A. C. I., v. 23, p. 319, 1927. 
Relation of Aggregate to Concrete, by Stanton Walker ; \ 
Bull. 2, Nat. Sand and Gravel Assn., May, 1927. 


CHEMICAL ANALYSIS. 


Determination of Soluble Silica in Cement, Mortar, and Concrete, and Its Appli- 
eation to Hstimation of Cement Content of Mortar or Concrete, by 
D. Florentin ; 
Chimie et Industrie, v. 20, p. 446, May, 1927. 
Comptes Rendus, 1927. 


CURING. 
Curing Concrete Roads; Application of Calcium Chloride on Surface now Giving 
Way to Integral or Admixture Method, by D. Williams ; 
Canadian Eng., v. 52, p. 34, Jan. 4, 1927. 


Use of Calcium Chloride as Curing Agent in Concrete, by Barrows; 
Roads and Streets, v. 67, p. 66, 1927. 
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Hunt Process of Curing Cement-Concrete Pavement, by J. C. Shaw; 
Western Const. News, v. 2, p. 55, Nov. 25, 1927. 
Steam-Cured Cylinders Give 28-Day Concrete Strength in 48 Hours, by M. S. 
Gerend ; 
Eng. News-Rec., v. 98, p. 282, Feb. 17, 1927. 
Steam Curing of Concrete Products, by A. L. Miller ; 
Concrete, Sept., 1927. 
Tests of Concrete Curing Methods, by J. T. Pauls ; 
Public Roads, v. 7, p. 202, 1926. 


DESTRUCTIVE AGENCIES. 


Corrosion of Concrete, by J. R. Baylis; 
Trans., Am. Soc. C. E., v. 90, p. 791, 1927. 


Chemical Action of Sulfate Water and Sea Water on Strength of Concrete, by 
H. Lafuma ; 
Rev. Mat. de Const. et Trav. Pub., No. 212, p. 145, May, 1927. 


Protection of Concrete Against Alkali, by E. C. E. Lord; 
Roads and Streets, v. 67, p. 447, Oct., 1927. 
Public Roads, v. 8, p. 105, Aug., 1927. 
Expansion of Portland Cement Mortar Bars During Disintegration in Sulfate 
Solutions, by Thorvaldsen, Lamens, and Vigfusson; 
Eng. Journal, vy. 10, p. 199, April, 1927. b 
Investigations on Behavior of Cement Mortar in Corrosive liquids, by O. Graf; 
Bauingenieur, No. 31, 32, 1927. 
Effect of Various Waters on Concrete and Reinforced Concrete, by Maynard; 
Le Genie Civil, v. 91, p. 162, Aug. 13, 1927. 
Mortar for Sea Water Construction ; 
Tonid. Ztg., No. 54, 1927. 
Ingeniorem, No. 14, 1927. 


DRAIN TILE. 


Review of Work of Co-operative Drain Tile Lab., by D. G. Miller; 
Pamphlet, U. S. Dept. Agr., Jan., 1927. 


EFFLORESCENCE. 


Pfflorescence and Wading of Concrete; 
Concrete and Const. Eng., v. 22, p. 4838, Aug., 1927. 


FIELD CONTROL. 


Symposium on Field Control of Quality of Concrete; 
Proceedings, Am. Soc. Testing Mat., 1927. 
Includes the following papers: Introduction by C. M. Chapman; Pro. 
portioning of Concrete, R. W. Crum; Mixing of Concrete, D. A. 
Abrams ; Conveying and Piacing Concrete, N. L. Doe; Construction 
Joints and Expansion Joints, R. L. Bertin; Insuring Quality Con. 
crete in Cold Weather, F. H. McGraw; Transverse Tests as a 
Criterion of the Quality of Concrete, H. S. Mattimore; and Field 
Testing of Concrete, R. B. Young. 


Field Control of Concrete Making—Study of Late Practice, by R. W. Crum; 


Proceedings, Highway Research Board, v. 6, p. 232, 1927. 
New Terminal Warehouse at Montreal, by J. J. Shea; 
Canadian Eng., v. 53, p. 457, Oct. 18, 1927. 
Control of concrete on the job. 
Road Concrete and Wormanship Control in South Carolina, by E. D. Sloan, bers 
ing. News-Rec., v. 99, p. 711, Nov. 8, 1927. 
Control of Concrete in Construction Work, by F. Buchi; 
Beton und Bisen, No. 6, 1927. 
Control of Concrete in Buildings ; 
Beton und Disen, No. 16, 1927. 
Railroad Places Controlled Concrete ; 
Concrete, July, 1927. 


FLow UnNbER Loap. 


Plastic Yield, Shrinkage, and Other Problems of Concrete and Their Effect on 
Design, by O. Faber ; 
Proceedings, British Inst. Civil Eng., 1927, 
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IMPREGNATED CONCRETE, 


Impregnation of Concrete with Sulfur, by Obst; 
Zement, vy. 16, p. 104, Feb. 10, 1927. 


Licut-WEIGHT CONCRETE. 


Cellular Concrete; 
Rev. Mat. de Const. et Trav. Pub., No. 208, p. 228, 1926. 
Cellular Concrete, by Mesnager ; 
Le Ciment, v. 32, p. 398, Nov., 1927. 
New Building Material (Porous Concrete) with Promising Future, by J. G. V 
ang; 
Dun’s Int. Rev., v. 48, p. 61, Dec., 1926. 
New Types of Porous Concrete (Ice Concrete) ; 
Concrete and Const. Eng., v. 22, p. 678, Nov., 1927. 


PAVEMENTS. 


Experimental Researches Made in France on Concrete Roads, by M. J. Bourcier; 
Li Ciment, v. 32, p. 12, Jan., 1927. 
Finishing and Curing Concrete Roads; 
Proceedings, Am. Soc. C. B., p. WO edad. Oe : 
Discussion of C. L. McKesson’s paper, Proc., Am. Soe. C. E., Aug., 1926. 
Further Tests of Vibrolithic Concrete, by Teller and Proudley ; 
Public Roads, y. 8, p. 179, Oct., 1927. 
Notes on Concrete—Wacker Drive, Chicago, by A. R. Lord; 
Proceedings, A. C. IL, v. Zay Ds) 2S, 1927. 
New Experimental Highway ; i. 
Concrete, June, 1927. 
Protection Against Shrinkage Cracks in Concrete Highways, by A. Kleinlogel ; 
Betonstrasse, Noy., 1927. 
Report of Committee on Structural Design of Roads; 
Proceedings, Highway Research Board, v. 6, p. 93, 1927. 

Includes the following papers on concrete road design and construe: 
tion: Analysis of Stresses in Concrete Pavements, by H. M. Wester- 
gaard; Field Experiment on Introduction of Planes of Weakness 
in Concrete Slabs, G. N. Conner; Experimental Curing Slabs at 
Arlington, Va., J. T. Pauls. 

Report of Committee on Character and Use of Road Materials ; 
Proceedings, Highway Research Board, v. 6, p. 223, 1927. 

Includes the following papers: Brief Review of Alkali Action on Port- 
land Cement Concrete, D. G. Miller ; Concrete and Concrete Aggre- 
gates, M. O. Withey; Field Control of Concrete Making, R. W. 
Crum; Subgrade Materials and Tests, H. S. Mattimore. 

Research Activities of Minnesota Highway Dept., by FP. C. Lang ; 
Highway Res. News, vy. 3, No. 3, Mar., 1927. 

Relation of Road Type to Tire Wear, by Waller and Phelps; 
Proceedings, Am. Soc. C. E., p. 1,189, Aug., 1927. 

Recent Developments in Highway Research, by E. ¥. Kelley; 
Roads and Streets, v. 67, p. 361, 1927. 

Time as a Factor in Laying Concrete Pavement, by T. H. Johnson; 
Proceedings, A. C. I., v. 23, p. 458, 1927. 


PERMEABILITY. 


Permeability of Concrete as Dependent on Its Structure and the Pressure 
Gradient, by G. Merkle; 
Pamphlet, Julius Springer, 1927. 


PIPES. 


Use of Clay and Cement for Sewer Pipe, by J. Brix; 
Pamphlet, Zementverlag (Berlin), 1927. 


PLACING. 
Observations on Use of Concrete Placed Under Water; 
Le Ciment, v. 32, p. 133, April, 1927. 


Special Body for Hauling Concrete; 
Roads and Streets, v. 67, p. 460, Oct., 1927. 
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PROPORTIONS. 


Density of Concrete and the Water-Cement Ratio, by F. R. McMillan; 
Journal, Western Soc. Eng., v. 32, p. 29, 1927. 
Eng. News-Rec., v. 98, p. 445, Mar. 17, 1927. 


Hstimating Quantities of Materials, by Stanton Walker ; 
Bull. 1, Nat. Sand and Gravel Assn., 1927. 


Water Control in, and Design of Mixtures for Production of Water-Cement Rati¢ 
Conerete, by R. P. V. Marquardsen; 

{ | Lng. and Contr., v. 66, p. 413, Sept., 1927. 
Roads and Streets, v. 67, p. 304, July, 1927. 

Inundation Method of Mixing, by W. S. Hindman; 
Canadian Eng., v. 52, p. 106, Jan. 4, 1927. 

New Methods of Making Concrete, by Magnel; 
Genie Civil, v. 9, No. 8, 1927 

Proportioning of Mortar and Concrete, by O. Graf . 
Pamphlet, Julius Springer, 1927. 

Proportioning of Concrete, by Torres; 
Bull. 1, Polytechnic Inst. of Sao Paulo (Brazil), June, 1927, 

Proportioning Concrete Aggregates by Weight, by R. W. Crum; 
Public Roads, v. 8, p. 15, March, 1927. 
Concrete, v. 31, p. 13, Aug., 1927. 
Professional Eng., Jan., 1927. 
Discussion, Rock Products, v. 30, p. 45, Mar. 5, 1927. 

Water-Cement Ratio as Basis of Concrete Quality, by D. A. Abrams; 
Proceedings, A. C. I., v. 23, p. 452, 1927. 

Water Ratio Specification for Concrete and Its Limitations, by A. T. Goldbeck; 
Bull. 3, National Crushed Stone Assn., Aug., 1927, 

Water Ratio Specification for Concrete, by L. A. Perry; 
Proceedings, Am. Soe. C. E., p. 99, Jan., 1927. 


Discussion of paper by F. R. McMillan and Stanton Walker, Proc., 
Am. Soc. C. E., Dec., 1926. 


6S 


RESEARCH: GENERAL. 
International Congress for Testing Materials, by Platzmann; 
Rock Products, v. 30, p. 89, Oct. 29, 1927: 


New Hra in Concrete, by J. G. Ahlers; 
Am. Architect, v. 130, p. 501, Dec., 1926. 


Portland Cement Concrete of Unusual Character ; sis 
Bull. 23, Kansas City Testing Lab., May 1, 1927. f 


Recent Research in Field of Rock Products, by S. S. Steinberg; 
Rock Products, v. 30, p. 51, 1927. 


Research Reveals Valuable Facts About Concrete, by C. C. Brown; 
Oil Weekly, v. 44, No. 8, p. 41, 1927. : 


Scientific Researches of American Portland Cement Industry, by'F. R: MeMillan ; 
Zement (50th Anniversary Number), p. 757, Aug. 25, 1927... s 


Some Points for Efficiency in Concrete, by G. M.: Gibson; 
Structural Engineer, v. 5, May, 1927. ; 


RETEMPERING. 


New Method of Mixing Concrete; 
Ferro-Qoncrete (London), Jan., 1927. 


STRENGTH. 
Combined Concrete and Timber in Fiexure, by G. D. Burr; 
Bull. 37, Univ. of Washington, Eng. Exp. Sta. 


Comparison of Cube Strength of Concrete with that of Concrete in the Mass, by 
H. Burchhartz ; 
Zement, No. 34, 1927. 


Tirst Year’s Results of Experimental Tests in Traiskirchen (Austria), by Hent- 


rich; 
Teer; v. 26, p. 101, 1927. 


High Early Strength Concrete and Cement, by Spindel ; 
Beton und Hisen, v. 26, p. 9, Jan. 5, 1927. 


Influence of Mixing Water on Strength of Concrete, by Weissgerber ; 
Bauingenieur, No. 34, 1927. 
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Predetermination of Final Strength from Initial Strength of Concrete, by Grun 
and Kunze; 


Bauingenieur, v. 7, p. 866, 1927. 


Predicting 28-day Concrete Strength from 2-da Tests, by Nelson and Nichol; 
Eng. News-Rec., v. 98, p. 814, May 19, 199%. 4 
Relation between Fineness Modulus and Concrete Strength, by F. S. Besson; 
Eng. News-Rec., v. 98, p. 956, 1927. 
Relation ae Ingredients and Compressive Strength of Concrete, by Wis- 
rT; 
Forsch. Gebiete des Wisenbetons, vy. 31, 1927. 
Tensile Resistance of Concrete and Its Importance to Civil Engineering, -by 
H. Spangenberg ; 
Beton und Eisen, No. 1, 1927. 
Torsion Tests of Concrete Cylinders, by T. Miyamoto; 
Eng. News-Rec., v. 99, p. 114, July 21, 1927. 


Stucco. 


Stucco Investigations at Bureau of Standards with Recommendations for Port- 
_ land Cement Stucco Construction ; 
Circular 311, Nat. Bureau of Standards, Dec. 31, 1926. 


TEMPERATURE EFFECTS. 


Analysis of Stresses in Concept’ Roads Caused by Variations of Temperature, 
y H. M. Westergaard ; 
Public Roads, v. 8, p. 54, May, 1927. 
Cooling of Concrete in Freezing Weather ; 
Bull. 8, Mich. Eng. Exp. Sta., Nov., 1926. 
Eng. and Contr., v. 66, p. 550, Nov., 1927. 

Effects of Temperature and Humidity on Properties of Cement and Mixtures, 
by M. Hirano; 

Memoirs, Coll. of Eng., Kyoto Imp. Univ., v. 4, No. 5, Feb., 1927. 

Effect of Temperature of Hardening on Strength of Alumina Cement Mortar. 

y A. F. R. Lund; 

Rock Products, v. 30, p. 68, Oct. 15, 1927. 
Effects of High Temperatures on Cement, Aggregates, and Concrete; 

Rev. Mat. des Const. et Trav. Pub., No. 208, p. 18, Jan., 1927. 
Fire Tests on Novocrete; 

Canadian Eng., v. 53, p. 30, Nov. 8, 1927. 
Study of Concrete at Low Temperatures, by O. Graf; 

Beton und Hisen, No. 138, p. 244, 1927. 

Temperatures Developed in High Alumina Concrete; Observations Made During 
Construction of 258-ft. Stretch of Missouri Highway at Freezing Air 
Temperatures, by T. H. Cutler; ! 

_ Eng. News-Rec., v. 99, p. 146, July 28, 1927. 


Testing and Thawing Frozen Concrete, by A. M. Bouillon; 
Eng. and Contr., v. 66, p. 69, Feb., 1927. 
Municipal and Country Eng., v. 72, p. 108, March, 1927. 
Tests on Thermotite Concrete Walls and Units; 
Concrete, April, 1927. 
Winter Construction Methods, by C. S. Hill; 
ing. News-Rec., v. 99, Oct. 6, 1927. 


VOLUME CHANGE. 


Volumetric Changes in Portland-Cement Mortars and Concrete Due to Causes 
Other Than Variations in Temperature, by R. H. Davis; 
Int. Congress for Testing Mat., 1927. 


WATERPROOFING. 


Methods of Waterproofing Concrete Structures ; 
Eng. and Contr., v. 66, p. 545, Nov., 1927. ae ‘ 
Waterproofing and Oilproofing of Mortar and Concrete, by E. Marcotte; 
yey and Metiers, v. 80, p. 955, 1927. 
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WORKABILITY. 


New Test for Workability of Concrete, by Yoshida ; 
Pamphlet, Kyusha Imperial Univ., Fuknoka, Japan. 
Proceedings, A. C. I., v. 28, p. 415, 1927. 

Testing Concrete Workability ; 

Eng. News-Rec., v. 98, p. 728, May 5, 1927. 


REINFORCED CONCRETE. 


ARCHES, 


Analysis of Concrete Arch Systems, by C. S. Whitney ; 
Lrans., Am. Soc. C. E., v. 90, p. 1,094, 1927. 
Analysis of Concrete Arches, by Linton and Geisler ; 
Public Roads, v. 8, p. 72, p. 95, June and July, 1927. 
Experimental Study of Reinforced Concrete Arch, by C. Guidi; 
Sindicate Naz. Fascists Ing. Ann. Sezione di Roma, vy. 2, p. 1, 1927. 
Skew Arch Reactions Measured by Reciprocal Method ; 
Eng. News-Rec., v. 98, July 21, 1927. 
Tests on Skew Arches; 
Canadian Eng., v. 52, p. 152, Jan. 18, 1927. 


BEAMS. 


e 


Hodgkinson System of Reinforced-Concrete Beams ; 
Engineering, v. 123, p. 527, April 29, 1927. 


Investigation of Web Stresses in Reinforced-Concrete Beams, by F. E. Richart; 


Bull. 166, Univ. of Ilinois Ing. Exp. Sta., 1927. 
Repetition of Stress in Reinforced-Concrete Beams, by Hubner; 
Schweizer, Bauzeitung, 1927. 


Shearing Strength of Reinforced-Concrete Beams, by BE. Morsch; 
Beton und Hisen, p. 2 sane 20m Oo 


Tests of Corroded Steel Beams Restored with Gunite, by J. R.. Shank ; 
Eng. News-Rec., y. 98, April 7, 1927. 
Bonp. 


Bond Between Concrete and Steel, by W. D. Womersly ; 
Concrete and Const. Eng., v. 22, Feb., 1927. 


Method for Testing Bond Between Concrete and Its Reinforcing, by R. C. Durst ; 


Eng. News-Rec., v. 99, p. 402, Sept. 8, 1927. 


BRIDGES. 
Construction of Grandfey Viaduct, by A. Buhler ; 
Proceedings, A. C. I., v. 23, p. 489, 1927. 


Hooped Cast Iron and Long Span Arches, by P. R. N. Stroyer ; 
Structural Eng., v. 5, Nov., 1927. 


Results of Loading Tests on Reintorced-Concrete Arch Bridges, by M. Ros; 
Pamphlet (Berlin), 1927. 


Tests of the Delaware River Bridge Floor Slabs, by G. W. Davis; 
Public Roads, y. 8, p. 159, Oct., 1927. 


CHIMNEYS. 


Report of Tests on 300-ft. Reinforced-Concrete Chimney, by E. D. McKay; 
Proceedings, A. C. L, v. 23, p. 109, 1927. 


COLUMNS. 
Encasement of Steel Columns, by J. R. Shank ; 
Canadian Eng., v. 52, p. 539, May 24, 1927. 
New Austrian Tests of Reinforced-Concrete Columns, by M. Thullie ; 
Beton und Hisen, No. 15, 1927. 
Reinforced-Concrete Column, by P. K. Markmann ; 
Proceedings, A. C, I., v. 23, p. 126, 1927. 
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Steel Columns with Concrete Casing, by M. Thullie; 
Beton und Hisen, No. 6, 1927. 


Stresses in Helically Reinforced-Concrete Cotamns, by Zessiger and Affeldt; 
Trans., Am. Soc. C. E., v. 90, p. 379, 1927. 


Dams. 
Concreting in Conctruction of Cignana Dam, Italy, by Steiner ; 
Ann. dei Lavori Publicci, Rome, v. 65, p. 30, 1927. 


Experimental Work on Small Scale Models of Arch Dams, by I. E. Houk; 
Eng. and Contr., v. 66, p. 521, Nov., 1927. 

Experimental Deformation of Cylindrical Arched Dam, by C. W. Comstock ; 
Proceedings, Am. Soc. C. E., p. 579, April, 1927. 

Reinforced-Concrete Dams Compared with Gravity Dams, by A. EKkwall; 
Le Ciment, v. 32, p. 95, March, 1927. 


Semi-Circular Arch Dam Model, Tested in Italy, by C. Guido; 
Eng. News-Rec., v. 98, Oct. 27, 1927. 


Tentative Conclusions from Arch Dam Test at Stevenson Creek ; 
Eng. News-Rec., v. 98, Mar. 17, 1927. 


EXPANSION. 


Expansion of Reinforced Concrete, by F. von Emperger ; 
Beton und Hisen, vy. 26, p. 773, July 20, 1927. 


PILES AND PIERS, 
Construction of Reinforced-Concrete Pier, Bremerton Navy Yard, by J. J. Man- 


ning; 
Proceedings, A. C. I., v. 23, p. 79, 1927. 
Plain and Reinforced Concrete in Sea Water, by G. F. Nicholson; 
Faper. 1926 Convention, Pacific Coast Assn. of Port Authorities, Portland, 
re, 


PIPE: SEWER AND CULVERT. 


Concrete Cradles for Large Pipe Conduits, by Schlick and Johnson ; 
Bull. 15, Eng. Exp. Sta., lowa State College. 
Experimental Determinations of Static and Impact Loads Transmitted to Cul- 
verts, by M. G. Spangler ; 
Bull. 79, lowa State College Eng. Exp. Sta., 1927. 
Public Roads, v. 8, p. 118, Aug., 1927. 
Problem of Concrete Deterioration More Especially with Reference to Its Use 
for Conduits and Lining Iron Pipes, by J. R. Baylis; 
Proceedings, A. S. M. I1., v. 32, p. 217, 1926. 


POLES. 


Testing Concrete Piles Under Load, by F. G. Welsch; 
Canadian Eng., v. 53, p. 451, Oct. 11, 1927. 


Reinforced-Concrete Transmission Poles; 
Concrete and Const. Eng., v. 22, p. 665, Nov., 1927. 


REINFORCEMENT. 


Concrete with Spiral and Bar Reinforcement, by F. von Emperger ; 
Engineering, v. 124, p. 188, Aug. 5, 1927. 
Curves for Double Symmetrical Reinforcement, by A. G. C. Fane; 
Concrete and Const, Eng., v. 22, p. 601, Oct., 1927. 
Distribution of Reinforcing Steel in Concrete Beams and Slabs, by J. J. Gould; 
Proceedings, Am. Soc. C. E., p. 480, March, 1927. 
High Strength Concrete vs. Compressive Reinforcement, by Hirschthal ; 
e Eng. ewan ee: v. 97, p. 954, Dee. 9, 1926; v. 98, p. 166, Jan, 27, 1927. 
High Strength Steel for Tension Members of Reinforced Concrete, by F. von 
Emperger ; ; 
Proceedings, Int. Congress for Testing Mat., 1927. 
Slabs Reinforced into Two Directions, by G. Welch; 
Concrete and Const. Eng., v. 22, p. 578, Oct., 1927. 
Stresses in Reinforcing Steel, by A. Kleinlogel ; 
Deutsche Bauzeitung, v. 61, No. 3, 1927. 
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RESEARCH: GENERAL. 


Comparative Strengths of Metal and Reinforced-Concrete Constructions Under 
Dynamic Action ; : 
Le Ciment, vy. 32, p. 95, March, 1927. oe, 
Hxperimental. Studies in Reinforced-Concrete Construction, by C. Guidi; 
11th Convention, Italian Assn. Testing Mat. and Const., 1926. 
Future of Reinforced Concrete, by F. R. McMillan; . 
fing. and Contr., v. 66, p. 513, Noy., 1927. 

: Concrete, Oct., 1927. : 

New Researches in Reinforced-Concrete Construction ; 
Teknisk Tidskrift, No. 17, 1927. 

Torsional Strength of Reinforced Concrete, by T. Miyamoto ; 
Concrete and Const. Eng., v. 22, p. 637, Nov., 1927. 


SLABS. 


Concentrated Loads on Reinforced-Concrete Slabs, by EH. S. Andrews; 
Concrete and Oonst. Eng., v. 22, May, 1927. 


Tests on Full-Size Slabs ; : 
Concrete and Const. Eng., v. 22, April, 1927. 


SPECIFICATIONS. * 


German and Austrian Regulations on Shearing Stresses in Reinforced Concrete, 
by F. von Emperger ; ~ e 
“Beton und Eisen, No. 12, 1927. 
New Austrian Regulations for Reinforced Concrete, by F. von Emperger ; 
Beton und Bisen, No. 13, 1927. 


WIND STRESSES. 


Design of Concrete Buildings for Wind Stresses, by A. Smith; 
Proceedings, A. C, I., v. 23, p. 101, 1927. \ 


Behavior of Engineering Structures in Recent Violent Wind Storms, by Peck 
and Stineman ; 
Proceedings, A. C. I., v. 23, p. 276, 1927. 


ADDENDA. 
AGGREGATES. 
Concrete-Making Ability of Different Natural Sands, (lowa State Highway Com- 
mission, Ames). 
Study of mortar-voids test as a means of proportioning of various natural 
sands to produce conerete of a given strength and uniform quality. 


Use of Soft Limestone in Concrete, (Iowa State Highway Commission, Ames). 
A study of the effect upon strength and durability of concrete made with a 
relatively soft limestone as coarse aggregate. 


ADMIXTURES. 


Use of Calcium Chloride in Concrete, (Iowa State Highway Commission, Ames). ' 
Specimens were made in the field and in the laboratory in order to deter- 
mine the effect of calcium chloride as an admixture in concrete, 


Use of Admiatures in Concrete, (Iowa State Highway Commission, Ames). 
A study of the effect of various inert admixtures in concrete. 


CURING. 


Methods of Curing Concrete, (Iowa State Highway Commission, Ames). 
Study of the effect of various methods of curing concrete pavements. 


PERMEABILITY, 


Waterproofing Concrete, (Iowa State Highway Commission, Ames). 
Study of the efficacy of various methods of waterproofing concrete by sur- 


face treatments. Specimens coated or painted, immersed in water, removed and 
weighed at stated intervals. : 


STRENGTH: FLEXURAL, 


Fatigue Tests of Concrete, (Iowa State Highway Commission, Ames), 
Determination of the effect of repeated stresses on the strength of concrete. 


Report oF Committers E-5, AGGREGATES. 


The work of this committee has progressed along the lines laid out 
last year in studies of: 

(1) A thorough revision of the Tentative Purchase Specifications for 
Concrete Aggregates adopted by the Institute in 1926, still incomplete as 
this report is submitted. 

(2) Method of Test for Abrasion of Gravel. The present report in- 
cludes a discussion submitted by the sub-committee on gravel, Stanton 
Walker, chairman, concerning the development of the proposed abrasion 
test, and a proposed tentative method of test for abrasion of gravel. 

This report has been submitted to letter ballot of the committee, which 
consists of 15 members, of whom 9 have voted affirmatively, none nega- 
tively, and 6 have refrained from voting. 

R. W. Crum, Chairman. 


REQUIREMENTS OF GRAVEL AS AN AGGREGATE FOR CONCRETE. 
Reported by Sub-Committee on Gravel of Committee E-d. 


The sub-committee on gravel of Committee E-5 presented a report? 
before the 1927 convention which discussed, in a genera] way, requirements 
of gravel as an aggregate for concrete. The principal purpose which this 
report served was to point out the inadequacy of our information con- 
cerning the effect of the various characteristics which govern the concrete- 
making properties of gravel. Brief discussions and summaries of informa- 
tion were given under the following heads: 

Hardness and strength of gravel, durability of gravel, cleanness of 
gravel, grading of gravel, resistance to high temperatures, recommended 
studies, and factors to be considered in specifications for gravel. 

In the discussion under “recommended studies” it was stated, among 
other recommendations, that “further studies of the hardness and strength 
of gravel particles should be made, and it is suggested that modifications 
of the standard Deval test and the crushing test are worthy of further 
attention.” It is the purpose of this year’s report of the sub-committee to 
present a further discussion of the modifications of the Deval abrasion test 
suitable for use in testing gravel. 

ABRASION TESTS OF GRAVEL, 

Engineers have given considerable attention to the relation between 
the resistance to abrasion of aggregate and its concrete-making properties, 
but very little conclusive information has been developed. In fact, existing 
data would seem to indicate that the resistance to abrasion of gravel, as 
measured by any of the tests thus far developed, has little bearing upon its 
concrete-making properties. 


i 141927 Proceedings, American Concrete Institute, p. 574. 
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Development of Abrasion Test.—The standard Deval abrasion test for 
crushed stone was developed during the latter part of the nineteenth cen- 
tury in connection with early macadam road construction in France. The 
practice of using this test soon found its way to the United States and it 
became one of the standard test methods of the American Society for 
Testing Materials in 1908.2 Under the title, “Standard Method of Test 
for. Abrasion of Road Material,” it has been continued as a standard of 
that society since that time without change. While the “standard” test is 
not adapted for use in connection with studies of concrete aggregates, and 
was not developed with that purpose in view, it was carried over into con- 
crete specifications with the development of highway construction and is 
now generally used as one of the measures of quality of crushed stone for 
that purpose. : 

It was at once evident that the standard test could not be applied to 
gravel because of the requirements for shape and size of particles compos- 
ing the prepared test sample. As a result of this, a number of different 
investigations were carried out, looking toward the development of a suit- 
able modification of the test. In these investigations the attempt was made 
not only to develop a test suitable for gravel, but also to establish a 
relationship between the resistance to abrasion of gravel as measured by 
the various modified tests and that of crushed stone as measured by the 
standard test. 

Among the more prominent of the early investigators were A. S. Rea‘ 
of the Ohio State Highway Department, H. H. Scofield® of Cornell Uni- 
versity, then at Purdue University, F. H. Jackson® of the U. S. Bureau 
of Public Roads, H. S. Mattimore’ at that time with the New York State 
Highway Department and later of the Pennsylvania State Highway De- 
partment, and Duff A. Abrams,’ then with the Structural Materials Re- 
search Laboratory and now of the International Cement Corporation. 


? “Original work of Deval in Developing Abrasion Test for Crushed Rock for 
Use in Macadam Road Construction,” Annales des Ponts et Chaussées, 1879, 
Bulletin, Ministere des Travaux Publics, 1881. - 

* “Standard Abrasion Tests for Road Materials, Proceedings, A. S. T. M., 
Vol. 8, 1908; describes Deval abrasion test for crushed stone. 

‘“Standard Abrasion Test for Gravel Employed by the Ohio State Highway 
Department,” by A. S. Rea, Good Roads, June 6, 1914. 

'“Abrasion Test for Gravel Aggregate,” by A. S. Rea, Concrete Highway 
Magazine, June, 1918; describes modified form of Deval abrasion test. See also 
“Abrasion Tests for Stone, Gravel and Similar Aggregate,” by H. H. Scofield (Dis- 
cussion by H. 8. Mattimore), Proceedings, A. S. T. M., Vol. 18, 1918; Good 
Roads, Vol, 16, p. 108, Sept. 21, 1918; Abstract, Engineering News-Record, Vol. 
81, p. 53, July 4, 1918. Deval rattler designed which allows dust to escape. 

¢“Standard Deval Abrasion for Rocks,” by F. H. Jackson, Proceedings, A. 
8. T. M., Part II, 1920; Public Roads, July, 1920; discusses causes for error 
and methods of avoiding them. 

™“Use of Slotted Cylinder for Deval Abrasion Test of Rocks,”’ report, N. Y. 
Commissioner of Highways, 1917. See also “Report of State Commissioner of 
Highways, state of New York, 1917; results of tests on sandstone, limestone, 
slag, and gravel, using standard cylinder and slotted cylinder. 

®“Selection of Mineral Aggregate for Concrete Roads,” by D. A. Abrams, 
Proceedings, A. R. B. A., 1922, p. 126; Concrete, Vol. 20, p. 159, April, 1922; 
Abstract, Good Roads, Vol. 62, p. 67, Feb. 1, 1922; Abstract, Hngineering and 
Contracting, Vol. 57, p. 419, May 3, 1922; Abstract, Canadian Bngineer, Vol. 48, 
p. 211, Aug. 1, 1922. Abrasion tests in Deval machine by four methods and 
correspondints atneneya an Spear cones: Bees also discussion by Duff A. 

rams of paper on “An Impact Test for Gravel, by F. H. Jaekson, Procee ings 
A. 8. T. M., Part II, 1922, p. 370. sf ‘ gel 
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These investigations covered studies of the effect of size and grading 
of sample, amount of abrasive charge, revolutions of cylinder, effect of 
removing dust through slots in the cylinder, tests of type of abrasion 
machine other than the Deval machine, and other variables. This report 
does not review these early tests in detail. It is sufficient to say that, as a 
result of these investigations, the American Association of State Highway 
Officials tentatively adopted in 1917 the method of test first proposed by 
Mr. Rea in 1914.° This test consists of running a sample of 5,000 grams, 
made up of 2,500 grams of 14-in. to 1-in. material and 2,500 grams of 1-in. 
to 2-in. material, in a standard Deval abrasion testing machine for 10,000 
revolutions, with six 1%-in. cast iron balls added as an abrasive charge.” 
In 1920 the specification for the grading of the samples was revised to 
require 1,250 grams of each of the following four sizes: 14 in. to % in.; 
% in. to 1 in.; 1 in. to 1% in.; and 1% in. to 2 in™ 

This latter test method has been incorporated in most specifications 
for gravel of the various state highway departments; limiting percentages 
of wear have generally been placed at about 15 per cent, although in a 
few cases as low as 10 per cent and as high as 25 per cent is specified. 
These limiting percentages reflect the judgment of the engineer, since no 
conclusive information has been developed which shows a relation between 
the results of this test and that of the standard test for stone, or which 
shows any dependence of the concrete-making properties of gravel on its 
resistance to abrasion measured in this way.” 

Objections to Present Test Method—tThe tentative test method de- 
scribed above is open to several objections, among the most important of 
which may be stated the following: 

1. Due to the grading of sample required, the test cannot be made on 
all aggregates since the necessary sizes may not be available. 

2. In the case of gravel containing a considerable proportion of sizes 
finer than 1% in., the test sample is not representative of the grading as a 
whole. 

3. Where the sample contains a considerable quantity of crushed par- 
ticles the results obtained by this test are not comparable on the same 
basis as for samples containing no crushed particles. 

Recognizing these objections and realizing also the desirability of ob- 
taining more definite information on which to base specification limits, 
various agencies have carried out further studies of the present modifica- 
tion of the test method and have also investigated other modifications. 


® Loc. Cit. 
10 “Standard Forms for Specifications, Tests, Reports, and Methods of Sam- 


i Road Materials,” United States Department of Agriculture Bulletin 
aes os. aserecommended by the First Conference of State Highway Testing 
Engineers and Chemists, Washington, D. C., Feb. 12 to 17, 1917. __ 

1 “Tentative Standard Methods of Sampling and Testing Highway Mate 
rials,” U. S. Dept. of Agriculture Department Bulletin No. 1216, adopted by the 
American Association of State Highway Officials and approved by the Secretary 
of Agriculture for use in connection with federal-aid road construction. 

12 See Proceedings, American Concrete Institute, 1927, Report of Committee 
E-5 on Aggregates, Appendix 1 and Appendix 2, pp. 585 and 587. 
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Recent Investigations.—This sub-committee is endeavoring to collect 
and correlate available information obtained from the more recent investi- 
gations, the information from which has not yet been made available by 
publication. With this in view, and in connection with the work of Sub- 
Committee V of Committee C-9 of the American Society for Testing Mate- 
rials, a considerable amount of correspondence has been carried out and 
much valuable information has been submitted. It is not proposed to pre- 
sent a comprehensive study of these data, nor would the limits of space 
allowed to this report permit it. In what follows a brief statement is 
given describing the nature of the tests which have been carried out. 

Michigan.—A thesis, submitted by Bernard T. Schad to the University 
of Michigan for the Degree of Master of Science in Engineering, entitled 
“Investigation of Abrasion Tests of Road Gravel,” contains a great deal of 
valuable information. The thesis, which is quite comprehensive in scope, 
gives a review of the development of abrasion tests and proposes a modi- 
fication in the existing tentative standard for grading of sample. A con- 
siderable number of tests were made -in connection with the investigation 
and the following variables were studied: 


1. Grading of Sample. 
a. 1,250 grams of each of the following sizes: %4 to % in., 
% to lin. 1 to 1% in., and 14% to 2 in. (same as the 
tentative method of the American Association of State 
Highway Officials). 
b. 1,666.6 grams of each of the following sizes: %4 to % in., 
% to % in., % to 1 in. 
c. 2,500 grams of each of the following sizes: 14 to % in., and 
%4 to 1 in. 
2. Effect of Abrasive Charge. 
a. No abrasive charge. 
b. Six 1% in. cast-iron balls. 


3. Tests with Plain and Slotted Cylinders. 


4, Tests of 38 different samples of gravel, using a plain cylinder and 
the grading described under 1-b above. The cementing value of 
the abraded material was also determined. 


The conclusions drawn by Mr. Schad as a result of these tests may be 
summarized as follows: 

The test using the grading consisting of equal parts of three sizes of 
material, ranging from %4 to 1 in. in size, seemed to adapt itself to gravel 
used for gravel roads. It was considered evident, from the tests, that 
the inclusion of the material finer than 14 in. and coarser than 4 in. was 
amply justified, due to the important effect which this size had on the 
results of the wear test. The standard cylinder was considered to be more 
satisfactory than the slotted one because by retaining the abraded dust 
particles the test more nearly approached the conditions found in the road. 
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The addition of the abrasive charge of six 1%-in. cast-iron spheres wae 
considered to be an advantage because the tests made in this way detected 
excessive amounts of soft material. 

Illinois.—A comprehensive investigation of abrasion tests of gravel 
has been carried out at the highway laboratory of the Illinois State High- 
way Department. These data have been made available through the 
courtesy of A. E. Stoddard, assistant engineer of materials. The tests in- 
clude studies of the effect of grading of sample, use of the plain and slot- 
ted cylinder, and shape of aggregate particle. They also include compari- 
sons between the standard test for crushed stone and the modified test 
for gravel. It is not practical to summarize the results of these tests in 
this report. Mr. Stoddard plans to make them available in the form of 
a paper to be offered to the American Society for Testing Materials. 

California.—A letter from E. T. Maddocks, testing engineer of the 
California Division of Highways, states the following: 

“We have been making the shot abrasion tests for gravel for several 
years and have found the tests to be very satisfactory. The main objection 
to the test in our minds is that it does not test the soft particles from 
14 in. down. While it is true that, in many cases, we receive samples 
which do not contain the larger sizes required, we can usually obtain the 
proper sizes by going to the pit and securing same. 

“We have been experimenting with the abrasion test and have devel- 
oped what we call the disintegrated granite abrasion test. The rock for 
this test includes the small sizes only, 50 per cent being between the 
%,-in. and 14-in. screen and 50 per cent between the 14-in. and the No. 3 
screen. The total charge of rock used is 4,200 grams. While we have made 
no close study of the relationship existing between the regular shot abra- 
sion and the disintegrated granite test, it would appear that the results 
obtained with a total charge of rock of 4,200 grams are very close to the 
regular shot tests. This, of course, is in cases where the character of the 
rock is about the same from the large to the small sizes. 

“We have made one departure from the standard test in that we use 
1%-in. steel ball bearings instead of the cast-iron balls specified.” 

Ohio.—Recent investigations carried out by A. S. Rea of the Ohio 
State Highway Department have shown the desirability of making pro- 
visions for carrying out the Deval test on aggregate samples which do 
not contain particles coarser than 1 in. The necessity of taking into ac- 
count the shape of particle was also recognized, and a formula developed 
for determining the permissible percentages of wear for different per- 
centages of crushed particles. 

The test is made in the standard Deval abrasion testing machine using 
10,000 revolutions of the cylinder and six 1%-in. cast-iron balls as an 
abrasive charge. The grading of the sample for the test depends on the 
size of the gravel, as follows: 
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Gravel Graded from 1% in. to 2 in. 


Passing 2-in. screen, retained on J-in. screen .. Seba ee eens 2,500 grams 
(At least 1,250 grams shall be finer than the 144-in. screen. ) 

Passing 1-in. screen, retained on %-in. screen ............. 1250.28 

Passing %4-in. screen, retained on 15-INWSCLeen aera ee 1,250 =~ § 
Totals. dueles ised ah DSR ae ae eee 5,000) >< 

Gravel Graded from Y% in. to 1 in. 

Passing l-in. screen, retained on 34-10 SCLCCN oY pre ee ee 2,500 grams 

Passing %4-in. screen, retained on 15-10 a Screen 5.0. eee eee 2;,0008 
Botals sa) eaide ee sa kre eae enti ec 5,000 “ 


The formula for taking into account the presence of crushed particles 
is the same as that described in the proposed “Method of Test for Abrasion 
of Gravel” given further on in this report. 

Portland Oement Association.—In some of the early work of the 
Structural Materials Research Laboratory, carried out through the co- 
operation of the Portland Cement Association and the Lewis Institute, 
Chicago, methods of making abrasion tests were studied. As a result of 
these preliminary investigations a series of tests was carried out in 1920 
in which the following variables were studied: 


1. Effect of number of revolutions of cylinder. Tests were made for 
revolutions from 1,000 to 10,000. Five aggregates, different in 
type, and three gradings of sample were used. 

2. Effect of weight of sample. The weight of sample was varied from 
2,000 to 7,000 grams. The tests were made with three aggre- 
gates, different in type, and of the same grading. 

3. Effect of number of shot added as an abrasive charge. The num- 
ber of 1%-in. cast-iron balls were varied from 0 to 15. Five 
aggregates, different in type, and two gradings were used. 

4. Effect of grading of sample. Tests were made using 57 different 
gradings, consisting of different proportions of three sizes of 
materials, 

5. Effect of shape of particle. Tests were carried out for study of 
wear of aggregates of different types after crushed particles 
had been worn to rounded form. 


These data are being prepared for presentation in the form of a paper 
which it is expected will be available this spring. 

Proposed Method of Test for Abrasion of Gravel.—As a result of an 
informal conference held by the following: A. S. Rea, F. H. Jackson, Wal- 
lace F. Purrington, A. T. Goldbeck, and Stanton Walker, it was decided 
to submit the following proposed method of test, to the Committee on 
Materials of the American Association of State Highway Officials, Com- 
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mittee C-9 on Concrete and Concrete Aggregates and Committee D-4 on 
Road and Paving Materials of the American Society for Testing Materials, 
and Committee E-5 on Aggregates of the American Concrete Institute. 
Representatives of the sub-committees of each of these organizations, 
having this problem in charge, are included in the men named above. 


PROPOSED TENTATIVE METHOD OF TEST FOR ABRASION OF GRAVEL. 


A. Test for gravel containing no crushed pieces—(1) The sample 
shall consist entirely of uncrushed fragments of gravel and the test shall 
be made using one of the four gradings, (A, B, C or D), given in Para- 
graph (3). The grading most nearly representing that of the material 
furnished for the work shall be selected for the test. 

(2) The aggregate shall first be screened into the different sizes re- 
quired for the test and the material of these sizes shall be washed and 
dried. 

(3) The sample shall consist of 5,000 grams of the dry gravel, with 
the different sizes combined to conform to one of the following four 
gradings: 


Size of Sieves (Square or 
or Screens Circular Openings) 18 
Grading 3 Retained on Passing Per Cent 

A % 34 25 
3%, 1 25 

1 1% 25 

1% 2 25 

B yy, % 25 
4 1 25 

1 1% 50 

Cc oD %4 50 
34 i 50 

D yy UY 50 
Y% %4, 50 


(4) The sample for the test shall be placed in the cast-iron cylinder 
of the Deval abrasion testing machine as specified for the standard abrasion 
test for stone.“ Six cast-iron spheres 1.875 in. in diameter and weighing 
approximately 0.95 Ib. (0.45 kilo.) each shall be placed in the cylinder as 


an abrasive charge. 
(5) The duration of the test and the rate of rotation shall be the 
same as specified for the standard test for stone, namely, 10,000 revolutions 


3% See A. S. T. M. Srameatd Method of Test for Abrasion of Road Material 
: ? 5 “08). 
Le gees ane fia same as those used in the standard rattler test for 
paving brick. : : . 

15 As originally proposed the method required the use of circular openings. 
The question whether circular or square openings shall be used for testing aggre 
gates is now being studied by the Sectional Committee on coarse sizes of aggre- 
gates, Committee H-1 of A. S. T. M. 
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at a rate of 30 to 33 revolutions per minute. At the completion of the 
test the material shall be taken out and screened over a No. 12 mesh sieve, 
conforming to the requirements of the Standard Specifications for Sieves 
for Testing Purposes of the American Society for Testing Materials (Serial 
Designation: E11-26). The material retained upon the sieve shall be 
washed, dried and weighed. The difference between this weight and the 
weight of the original sample, expressed as a per cent of the original 
weight, shall be considered as the loss by abrasion. 

(6) When the gravel has a specific gravity below 2.20, a sample of 
4,000 grams, instead of 5,000 grams, shall be used for the test. The test- 
ing procedure shall be the same in all other respects. 

(7) When the gravel, as used in the work, contains as much as 15 
per cent of material finer than % in., but is of such size that either 
Grading A, B or C would be used for the abrasion test, a second abrasion 
test shall be made using Grading D, if, in the opinion of the engineer, the 
particles finer than %4 in. are not at least equal in hardness to those 
coarser than ¥% in. We) tee 

B. Test for gravel containing crushed pieces—(8) Gravel containing 
more than about 10 per cent of crushed pieces shall, for the purpose of this 
test, be considered as crushed gravel. In such cases, the abrasion test 
shall be made on a representative sample of the whole, including the 
crushed pieces, following the procedure described in Paragraphs 1 to 7. 
The per cent, by weight, of crushed pieces shall be determined and the 
permissible per cent of wear which shall govern for any given sample shall 
be calculated from the following formula: 

ATL (100A yrz 


100 
In which A = per cent of uncrushed pieces. 
100— A = per cent of crushed pieces. 

L =maximum per cent of wear permitted by the specifica- 
tions for gravel containing no crushed pieces. 

L’ = maximum per cent of wear permitted by the specifica- 
tions for gravel consisting entirely of crushed 
pieces. 

W = permissible per cent of wear. 


It should be recognized that the different gradings of sample will re- 
quire the statement of different limiting percentages of wear. A number 
of organizations, notably the Bureau of Public Roads, the Ohio State High- 
way Department, and the New Hampshire State Highway Department, 
have volunteered to carry out investigations along these lines, 

Future Work of Sub-Committee—During the coming year the sub- 
committee expects to study the results of tests carried out on the different 
gradings of sample recommended above. It is hoped that by the time of 
the next annual meeting sufficient information will have been obtained to 
permit of making recommendations for limitation on the loss by abrasion, 


DiscussIon—ComMITTEE E-5 Report. 


D. D. McGuirn.—I would like to ask Mr. Jackson if he has arrived at Mr. McGuire. 
any specific limit for this method of test? 

F, N. Jackson.—No sir, we have not. The plan was to set up a mr. Jackson. 
method of test and then proceed with the examination of various materials 
with the idea of eventually setting up limits which would be applicable to 
various sections of the country for the various sizes. 

R. E. Roscoz.—I would like to say that the Engineers’ Society of Mr. Roscoe. 
Pennsylvania, at Pittsburgh, has formulated a specification for aggregates 
in which they limit the amount of coarse in the sand and in the gravel. 
Our coarse aggregate in Pittsburgh is usually gravel. 
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REINFORCED-CONCRETE BUILDING REGULATIONS AND 
SPECIFICATIONS. 


Submitted by Committee E-1. 


The presentation of this report marks the completion of one of the 
most active and, perhaps, one of the most important year’s efforts of the 
committee’s recent history. The proposed “Standard Building Regulations 
for Reinforced Concrete,” which it is submitting, is something more than 
just another committee report. These chapters on reinforced-concrete de- 
sign and construction, prepared for use in a building code, are the result 
of the combined efforts of this committee and the committee on Engineer- 
ing Practice of the Concrete Reinforcing Steel Institute. 

At the last meeting, the American Concrete Institute adopted as a 
Tentative Standard the “Proposed Building Regulations for the Use of 
Reinforced Concrete,” which had been before the membership for two years. 
By this action, there was placed before the public the second of two authori- 
tative standards in suitable form for use as part of a city building code— 
the Institute standard and that of the Concrete Reinforcing Steel Institute. 

These two standards, while in complete agreement on the essential 
principles of reinforced-concrete design, were somewhat at variance on 
many of the less important items and wholly different in form. Both of 
these standards were being urged for adoption in the building codes of a 
number of cities. At the time of the 1927 convention, Committee E-1 dis- 
cussed this situation and the chairman was authorized to enter into pre- 
liminary negotiations with the committee on Engineering Practice of the 
Concrete Reinforcing Steel Institute to determine if there was any possi- 
bility that the two committees could unite on a common standard. The 
advantage of having a common standard, if one ‘could be developed, ap- 
pealed strongly to both committees. The preliminary meetings between 
representatives of the two committees indicated that agreement on such a 
standard was entirely possible. 

These preliminary negotiations were the beginning of a very serious 
study of both codes by the two committees. This study has resulted in the 
agreement of the two committees on the proposed “Standard Building 
Regulations for the Use of Reinforced Concrete,” submitted with this re- 
port. The preparation of this proposed standard has received extended 
consideration for a period of ten months, involving a number of sessions of 
both committees, meeting separately and jointly, and of many sessions of 
a smaller group representing both committees. 

This proposed standard in the opinion of the committee is a decided 
improvement over the tentative standard adopted in 1927. The most im- 
portant change is in the method of presentation. The text has been greatly 
simplified and clarified, notably in the chapters on shear, bond, and flat 
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slabs. Of the changes relating to materials and the basis of design, the 
following are the more important: 

(1) The discrimination in the 1927 report against the use of rail- 
steel reinforcement has been removed. 

(2) The unit tensile stresses in intermediate grade billet-steel rein- 
forcing bars and in rail-steel reinforcing bars have been increased from 
18,000 to 20,000 Ib. per sq. in., while the stress in all web reinforcement 
has been decreased to 16,000 Ib. per sq. in. 

(3) The method of specifying concrete has been changed in detail, 
though not in essence, except that provision is made for the use of concrete 
with strength in excess of 3,000 Ib. per sq. in. where very rigid control is 
assured. 

(4) The maximum permissible shearing stress on concrete beams has 
been reduced from 0.12f’, to 0.09f’, with the provision that beams or 
girders may be used with shearing stresses greater than 0.09f’ (but not 
greater than 0.12f’,) when such beams or girders are clearly indicated on 
the plans, and when the designer shall personally supervise the construc- 
tion of such members. 

The committee submits this report with the recommendation that it be 
adopted as a tentative standard. 

This report has been submitted to a letter ballot of the committee 
consisting of 19 members of whom 18 have voted in the affirmative, none in 
the negative, and 1 has failed to vote. 

F. R. McM1Lian, Ohairman. 


INTRODUCTION. 


These regulations have been prepared for use as part of a general 
building code. When so used, it is necessary that the following definitions, 
which give the meaning of certain terms as used in the regulations, become 
a part of the code. They should appear either in a general chapter in the 
code relating to definitions or in a chapter by themselves preceding these 
regulations for the use of reinforced concrete: 


DEFINITIONS. 


Aggregate.—Inert, material which is mixed with portland cement and 
water to produce concrete; in general, aggregate consists of sand, pebbles, 
gravel, crushed stone, blast-furnace slag, or similar, materials. 

Anchorage.—The embedment in concrete of a portion of a reinforce- 
ment bar, either straight or with hooks, designed to prevent pulling out 
or slipping of the bar when subjected to stress. (The anchorage of tension 
reinforcement in beams includes only the embedded length beyond a point 
of contra-flexure or of zero moment. ) 

Blast-Furnace Slag.—The non-metallic product, consisting essentially 
of silicates and alumino-silicates of lime, which is developed simultaneously 
with iron in a blast furnace. 
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Column.—An upright compression member the length of which exceeds 
three times its least lateral dimension. 


Column Capital.—An enlargement of the upper end of a reinforced- 
concrete column designed and built to act as a unit with the column and 
flat slab.” 


Column Strip.—A portion of a fiat slab panel one-half panel in width 
occupying the two quarter-panel areas outside of the middle strip. (See 
Middle Strip.) 


Add also definition as follows: 


Combination Column.—A column in which a structural steel section, 
designed to carry the principal part of the load, is wrapped with wire and 
encased in concrete of such quality that some additional load may be 
allowed. :: 


Composite Column.—A column in which a concrete core enclosed by 
spiral reinforcement and further reinforced by longitudinal bars encases a 
structural steel or cast-iron column designed to carry a portion of the load. 

Concrete.—A mixture of portland cement, fine aggregate, coarse aggre- 
gate and water. (See Mortar.) 

Consistency.—A general term used to designate the relative plasticity 
of freshly mixed concrete or mortar. 


Crushed Stone.—Bedded rock or boulders, which have been broken by 
mechanical means into fragments of varying shapes and sizes. 


Dead-Load.—The weight of the permanent parts of the structure. 


Deformed Bar.—Reinforcement bars with closely spaced shoulders, lugs 
or projections formed integrally with the bar during rolling so as to firmly 
engage the surrounding concrete. Wire mesh with welded intersections not 
farther apart than twelve inches in the direction of the principal reinforcing 
and with cross wires not smaller than No. 10 may be rated as a deformed 
bar. ‘ 


Diagonal Band.—In a four-way flat slab system a group of bars cover- 
ing a width approximately 0.4 the average span, symmetrical with respect 
to the diagonal running from corner to corner of the panel. 

Diagonal Direction.—A direction parallel or approximately parallel 
to the diagonal of the panel of a flat slab. 

Direct Band.—In a four-way flat slab system, a group of bars covering 
a width approximately 0.4 1,, symmetrical with respect to the line of centers 
of supporting columns. 

Dropped Panel.—The structural portion of a flat slab which is thick- 
ened throughout an area surrounding the column capital. 

Effective Area of Concrete.—The area of a section which lies between 
the centroid of the tension reinforcement and the compression surface in a 
beam or slab, and having a width equal to the width of the rectangular 
beam or slab, or the effective width of the flange of a Tee beam. 


) 
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Effectiwe Area of Reinforcement.—The area obtained by multiplying 
the right cross-sectional area of the metal reinforcement by the cosine 
of the angle between its direction and that for which the effectiveness of 
the reinforcement is to be determined. 

Flat Slab.—A reinforced-concrete slab generally without beams or 
girders to.transfer the loads to supporting members. 

Footing.—A structural unit used to distribute wall or column loads 
to the foundation materials. 

Gravel.—Rounded particles larger than sand grains resulting from the 
natural disintegration of rocks. (See Sand.) 

Laitance.—Extremely fine material of little or no hardness which may 
collect on the surface of freshly deposited concrete or mortar, resulting 
from the use/of excess mixing water, usually recognized by its relatively 
light color. : 

LIwwe-Load.—Loads and forces other than the dead-load. 

Middle Strip.—a portion of a flat slab panel one-half panel in width, 
symmetrical with respect to the panel center line and extending through 
the panel in the direction in which moments are being considered. 

Mortar.—A mixture of portland cement, fine aggregate, and water. 
(See Concrete.) 

Negative Bending Moment.—That moment which exists between a sup- 
port of a slab’ or beam and the point of inflection on either side of the 
support. 

Negatwe Reimforcement.—Reinforcement so placed as to take tensile 
stress due to negative bending moment. 

Paneled Ceiling.—A paneled ceiling refers to a flat slab in which ap- 
proximately that portion of the area enclosed within the intersection of 
the two middle strips is reduced in thickness, 

Panel Length.—The distance in either rectangular direction between 
centers of two columns of a panel. 

Pedestal_—An upright compression member whose height does not ex- 
ceed three times its least lateral dimension, 

| Pedestal Footing—A column footing projecting less than one-half its 
depth from the faces of the column on all sides and having a depth not 
more than three times its least width. 

Plain Concrete.—Concrete without metal reinforcement. 

Portland Cement.—The product obtained by finely pulverizing clinker 
produced by calcining to incipient fusion an intimate and properly pro- 
portioned mixture of argillaceous and calcareous materials, with no addi- 
tions subsequent to calcination excepting water and calcined or uncalcined 
gypsum. 

Positive Bending Moment.—That moment which exists at all other 
points in beams or slabs except where negative moment exists. 

Positive Reinforcement.—Reinforcement so placed as to take tensile 
stress due to positive bending moment. 
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Principal Design Section.—The vertical sections in a flat slab on which 
the moments in the rectangular directions are critical. (See Sec. 1002.) 

Ratio of Reinforcement.—The ratio of the effective area of the rein- 
forcement cut by a section of a beam or slab to the effective area of the 
concrete at that section. 

Rectangular Direction.—A direction parallel to a side of- the panel 
of a flat slab. 

Reinforced Concrete——Concrete in which metal is embedded in such a 
manner that the two materials act together in resisting forces. 

Sand.—Small grains resulting from the natural disintegration of 
rocks. (See Gravel.) 

Screen.—A metal plate with closely spaced circular perforations. (See 
Sieve. ) 

Sieve.—Woven wire cloth with square openings. (See Screen.) 

Strut.—A compression member other than a column or pedestal. 

Surface Water.—By the term “surface water” is meant all water car- 
ried by the aggregate except that held within the aggregate particles them- 
selves by absorption. 

Wall Beam.—A reinforced-concrete beam which extends from column 
to column along the outer edge of a wall panel. 

Water-Cement Ratio.— By the water-cement ratio is meant the total 
quantity of water entering the mixture including the surface water carried 
by the aggregate, expressed in terms of the quantity of cement. The water- 
cement ratio shall be expressed in U. 8. gallons per sack (94 Ib.) of cement. 


TENTATIVE BUILDING REGULATIONS FOR REINFORCED CoNCRETE.* 


CHAPTER 1. 


GENERAL. 

101; Scope: 

(a) These regulations cover the use of reinforced concrete in any 
structure to be erected under the provisions of the building code of which 
they form a part. They are intended to supplement the general provisions 
of the code in order to provide for the proper design and construction of 
structures of this material. In all matters pertaining to the design and 
construction where these specific regulations are in conflict with other pro- 
visions of the code, these regulations shall govern. 

102: Permits and Drawings: 

(a) Drawings and typical details of all reinforced-concrete construc- 
tion showing the sizes and position of all structural members, metal rein- 
forcement, and the live-load used in the design shall be filed with the 
department as a permanent record before a permit to construct such work 
shall be issued. All calculations made may be required by the department 
to be submitted with the drawings. 

103: Special Systems of Reinforced, Concrete: 

(a) The sponsors of any system of reinforced concrete which has been 
in successful use, or the adequacy of which has been shown by test, and the 
design of which is either in conflict with these provisions or not covered 
by them, shall have the right to present the data on which their design is 
based to a “Board of Examiners for Special Construction.” This Board 
shall be composed of competent engineers, architects and builders. The 
_Board shall have the power to investigate the data so submitted and to 
formulate rulings governing the design and construction of such systems, 
which ruling shall be of the same force and effect as the provisions of this 
code. This Board is to be designated as provided elsewhere in the code. 


CHAPTER 2. 
MATERIALS AND TESTS. 

201: Tests: 

(a) The tests called for in these regulations when ordered in accord- 
ance with the provisions of this chapter by the commissioner of buildings 
or his authorized representatives shall be arranged for by the owner or his 
representative. No responsibility for the expense of these tests shall attach 
to the department of buildings. Such tests shall be made in accordance 
with the standard method of test covering the particular material under 
consideration, of the American Society for Testing Materials in effect on 
the date of the adoption of these regulations, except as noted herein. 

(b) All such tests shall be made by competent persons. The com- 
pec icaAigde: chosing puere-cdl building ceruations for weinfereel concceie 1a 
Sees putin Faciomieadonvon- ape icar oF ina convention, Feb: 29, 1928. As 


amended this report was adopted as Tentative Building Regulations for Rein- 
forced Concrete (H-1A-28T). 
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petency of the persons making the tests shall be judged by their training 
and experience. The commissioner of buildings may disapprove for just 
cause those whose records show technical incompetency. Copies of the 
results of all tests shall be kept on file in the office of the commissioner 
of buildings for a period of two years after the acceptance of the structure. 
Tests shall be made on any material entering into concrete or reinforced- 
concrete construction when there is reasonable doubt as to its suitability 
for the purpose. 

(c) The commissioner of buildings or his authorized representative 
shall have the right to require reasonable tests of the concrete from time 
to time to determine whether the materials and methods in use are such 
as to produce concrete of the necessary quality. Specimens for such tests 
shall be taken at the place where concrete is being deposited, and shall be 
taken, cured, and tested in accordance with the “Standard Method of Mak- 
ing Compression Tests of Concrete” (Serial Designation: C 39-27) of the 
American Society for Testing Materials. 


202: Load Tests: 

(a) The commissioner of buildings or his authorized representative 
shall have the right to order the test under load of any portion of a com- 
pleted structure, when the conditions have been such as to leave reasonable 
doubt as to the adequacy of the structure to serve the purpose for which 
it was intended. Such tests shall not be required to be made on any con- 
crete construction which is less than 60 days old. 

(b) In such tests, the member or portion of the structure under con- 
s.deration shall be subject to a superimposed load equal to one and one-half 
times the live load plus one-half of the dead load. This load shall be left in 
position for a period of twenty-four hours before removal. If, during the 
test, or upon removal of the load, the member or portion of structure shows 
evident failure, such changes or modifications as are necessary to make the 
structure adequate for the rated capacity shall be made, or where lawful, a 
lower rating shall be established. The structure will be considered to have 
failed to pass the test if within twenty-four hours after the removal of the 
load the slabs or beams do not show a recovery of at least 75 per cent of 
the maximum deflection shown during the twenty-four hours while under 
load. 


203: Inspection: 

(a) All concrete work shall be inspected by the architect or engineer 
responsible for its design or by a competent representative responsible 
to the architect or the engineer. A record shall be kept of such inspection 
which shall cover the quality and quantity of concrete materials, including 
water, the mixing and placing of the concrete, and the placing of the 
reinforcing steel. The inspection record shall also include a complete 
record of the progress of the work and of the temperatures, when these 
fall below 40 deg. F., and of the protection given to the concrete while 
curing. These recdrds shall be available for inspection by the commis- 
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sioner of buildings at all times during the progress of the work and shall 
be preserved for two (2) years after the acceptance of the structure. 


204: Portland Cement: 

(a) Portland cement shall conform to the “Standard Specifications 
and Tests for Portland Cement’ (Serial Designation: C9-26) of the 
American Society for Testing Materials. 


205: Oonereie Aggregates: 

(a) Concrete aggregates shall consist of natural sands and gravels, 
crushed rock, crushed air-cooled blast-furnace slag, or other inert mate- 
rials having clean, uncoated grains of strong and durable minerals. Ag- 
gregates containing soft, friable, thin, flaky, elongated, or laminated 
particles totaling more than 3 per cent, or containing shale in excess of 
1% per cent, or silt and crusher dust finer than the No. 100 standard 
sieve in excess of 2 per cent shall not be used. These percentages shall be 
based on the weight of the combined aggregate as used in the concrete. 
When all three groups of these deleterious materials are present in the 
aggregates, the combined amounts shall not exceed 5 per cent by weight 
of the combined aggregate. 

(b) Aggregates shall not contain strong alkali or organic material 
which gives a color darker than the standard color when tested in accord- 
ance with the “Standard Method of Test for Organic Impurities in Sands 
for Concrete” (Serial Designation: C 40-27) of the American Society for 
Testing Materials. 

(c) The maximum size of the aggregate shall be not larger than 
one-fifth of the narrowest dimension between forms of the member for 
which the concrete is to be used nor larger than three-fourths of the 
minimum clear spacing between reinforcing bars. By maximum size of 
aggregate is meant the clear space between the sides of the smallest square 
opening through which 95 per cent by weight of the material can be passed. 


206: Water: 
(a) Water used in mixing concrete shall be clean, and free from 
strong acids, alkalis, or organic materials. 


207: Metal Reinforcement: 

(a) Metal reinforcement shall conform to the requirements of the 
“Standard Specifications for Billet-Steel Concrete Reinforcement Bars” of 
Intermediate Grade? (Serial Designation: A15-14), or for “Rail-Steel 
Concrete Reinforcement Bars” (Serial Designation: A 16-14) of the Amer- 
ican Society for Testing Materials. The provision in these specifications 
for machining deformed bars before testing shall be eliminated. 


17This recommendation is in accordance with “Commercial Standard No. 1 
(New Billet-Steel Concrete Reinforcing Bars)” of the U. 8. Department of 
Commerce, which establishes the intermediate grade as the single standard for 
billet-steel reinforcement. Until such time as existing stocks of structural and 
hard-grade billet-steel reinforcement, meeting the requirements of A. S. T. M. 
Specification A 15-14 are exhausted, these grades may be used with the unit 
stresses specified in Sec. 307. 
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(b) Wire for concrete reinforcement shall conform to the require- 
ments of the “Tentative Specifications for Cold-Drawn Steel Wire for Con- 
crete Reinforcement” (Serial Designation: A 82-27) of the American 
Society for Testing Materials. 


(c) Structural steel shall conform to the requirements of the 
“Standard Specifications for Structural Steel for Buildings” (Serial Desig- 
nation: A9-24) of the American Society for Testing Materials. 


(d) Cast-iron sections for composite or combination columns shall con- 
form to “Standard Specifications for Cast-Iron Pipe and Special Castings” 
(Serial Designation: A44-04) of the American Society for Testing 
Materials. 


208: Storage of Materials: 


(a) Cement and aggregates shall be stored at the work in a manner 
to prevent deterioration or the intrusion of foreignsmatter. Any material 
which has deteriorated or has been damaged shall be immediately and 
completely removed from the work. re 


CHAPTER 3. 


CONCRETE QUALITY AND WORKING STRESSES. 


301: Concrete Quality: 


(a) The working stresses for the design of reinforced-concrete struc- 
tures shall be based upon the minimum ultimate 28-day strength of the 
concrete to be used in the structure in accordance with the values given 
in Sec. 306. All plans submitted for approval or used on the work shall 
clearly show the strength of concrete for which all parts of the structure 
were designed. The strength of concrete shall be fixed in terms of the 
water-cement ratio in accordance with one of the following methods: 


(1) By established results for average materials, 
as provided in Sec. 302. 

(2) By specific test of materials for the struc- 
ture, as provided in Sec. 303. 


(b) By the water-cement ratio is meant the total quantity of water 
entering the mixture including the surface water carried by the aggregate, 
expressed in terms of the quantity of cement. The water-cement ratio 
shall be expressed in U. S. gallons per sack (94 lb.) of cement. 


302: Water-Cement Ratio for Average Materials: 


(a) Where no preliminary tests of the materials to be used are made, 
the water-cement ratios shall not exceed the values in the following table. 
The mixes shown in the table are approximate only, and may require 
adjustment to give proper workability. 
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ASSUMED STRENGTH OF CONCRETE MIXTURES 


Approximate Mix 
Volume of 


Water-Cement Portland Cement to Sum 
Ratio U.S. of Separate Volumes Assumed Compressive 
gallons per 94-Ib. of Fine and Coarse Strength at 28 days in 


sack of cement Aggregate as Measured Dry pounds per Square inch 
Plastie Concrete 


8% Leg 1,500 
7% 1:6 2,000 
6% 1:54 2,500 
6 1: 4% 3,000 
Moderately Wet Concrete 
8% 1: 6% 1,500 
7% 1:5% 2,000 
63% 1: 4% 2,500 
6 Vr 3,000 


Note: In interpreting this table, surface water contained in the aggregate 
must be included as part of the mixing water in computing the water-cement ratio. 

(b) During the progress of the work, a reasonable number of com- 
pression tests shall be made as may be required by the commissioner of 
buildings, but at least one specimen shall be tested for each 100 cu. yd. 
of concrete being placed. The tests shall be made in accordance witb 
provisions of Sec. 304. Should the average 28-day strength fall below the 
minimum ultimate strength called for on the plans, the commissioner 
of buildings shall have the right to require a load test under the pro- 
visions of Sec. 202. 

303: Water-Cement Ratio by Tests of Materials: 

(a) Where the water-cement ratios for the various strengths of con- 
crete are to be established by test, these tests shall be made in advance 
of the beginning of operations using the materials proposed and con- 
sistencies suitable for the work and in accordance with the “Standard 
Method of Making Compression Tests of Concrete” (Serial Designation 
C 39-27) of the American Society for Testing Materials, including the 
provisions for curing in a moist room at 70 deg. F. and testing wet. A 
curve representing the relation between the average 28-day strength of the 
concrete and water-cement ratio shall be established for a range of values 
including all of the strengths called for in the plans. The tests shall in- 
clude at least four different water-cement ratios and at least four speci- 
mens for each water-cement ratio. The water-cement ratio to be used in 
the structure shall be that corresponding to a point on the curve estab- 
lished by these tests representing a strength of concrete 15 per cent higher 
than the minimum ultimate strength called for on the plans and satis- 
factory evidence shall be submitted to show that these water-cement ratios 
are not exceeded. No substitution shall be made in the materials being 
used on the work without additional tests in accordance, herewith, to show 
the new water-cement ratios to be used. 
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(b) During the progress of the work, a reasonable number of addi- 
tional 28-day compression tests may be required by the Commissioner of 
Buildings, but at least one specimen shall be tested for each 50 cubic yards 
of concrete of any one strength, and not less than two specimens of each 
strength of concrete for any one day’s operation. Such tests shall be 
made in accordance with the provisions of Section 304. Should the average 
strengths of the control cylinders shown by these tests for any portion of 
the structure fall below the minimum ultimate 28-day strengths called for 
on the plans, the Commissioner of Buildings shall have the right to order 
a change in the mix or the water-cement ratios for the remaining portion 
of the structure and to require load tests as specified in Section 202 on the 
portions of the building affected. Should the average strengths shown by 
the cylinders cured on the job and tested subsequent to 28 days fall below 
the required strength, the Commissioner of Buildings shall have the right 
to require conditions of temperature and moisture necessary to secure the 
required strength. = 


304: Field Tests of Concrete: 

(a) Field tests of concrete, when required, shall be made in accord- 
ance with the “Standard Method of Making Compression Tests of Con- 
crete” (Serial Designation C 39-27) of the American Society for Testing 
Materials with the following exceptions: 

(1) Two sets of samples of concrete for test specimens shall be taken 
as the concrete is being delivered at the point of deposit, care being taken to 
obtain a sample representative of the entire batch. 

(2) One set designated as control cylinders shall be placed under 
moist curing conditions at approximately 70 deg. F. within 24 hours after . 
molding and maintained therein until tested. 

(3) The second set, designated as job cylinders, shall be kept as near 
to the point of sampling as possible and yet receive the same protection 
from the elements as is given to the portions of the structure being placed. 
Specimens shall be kept from injury while on the work. They shall be 
sent to the laboratory not more than 7 days prior to the time of test 
and while in the laboratory shall be kept in the ordinary air at a tem- 
perature of approximately 70 deg. F. 

(b) All specimens and tests shall be made by a properly qualified 
person or testing laboratory, who shall furnish the commissioner of build- 
ings with a report, certified in the presence of a notary public, showing 
the results of tests and stating that they were made in accordance with 
the provisions of this code. 


305: Ooncrete Proportions and Consistency: 

(a) The proportions of aggregates to cement for concrete of any 
water-cement ratio shall be such as to produce concrete that will work 
readily into the corners and angles of the form and around the reinforce- 
ment without excessive puddling or spading and without permitting the 
materials to segregate or free water to collect on the surface. The com- 
bined aggregate shall be of such composition of sizes that when separated 
by the No. 4 standard sieve, the weight retained on the sieve shall not 
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be less than one-third nor more than two-thirds of the total nor shall 
the amount of coarse material be such as to produce harshness in placing 
or honeycombing in the structure. When forms are removed, the faces 
and corners of the members shall show smooth and sound throughout. 

(b) The methods of measuring concrete materials shall be such that 
the proportion of water to cement can be accurately controlled during 
the progress of the work and easily checked at any time by the commis- 
sioner of buildings or his authorized representative. 

306: Allowable Unit Stresses in Concrete: 

(a) The unit stresses in pounds per square inch on the concrete to be 
used in the design shall not exceed the following values, where in equals 
the minimum ultimate strength at 28 days. 


Allowable Unit Stresses 


For any When Strength of Concrete 
ead of is eed by a Water- 
oncrete as ement Ratio in 
DESCRIPTION Fixed by Test | Accordance with Sec. 302 
in Accordance |— 
with See. 303 fT es f! 7 


c= c= | fic= 
n = 30000 | 2000 Ib. | 2500 Ib. | 3000 Ib. 
f'¢ n=15|n=12|n=10 


Flezure: fe. 
Extreme fiber stress in (compression (fo) Sisc..s em ees sieiaie 0.40f’c 800 ‘1000 1200 


continuous or fixed beams or of rigid frames (fc)......... 0.45f’¢ 900 1125 1350 
Shear: 2. 

Beams with no web reinforcement and without special 
anchorage of longitudinal steel (vc)............-.0.0e0 ee 0.02f’c 40 50 60 

Beams with no web reinforcement, but with special anchor- 
age of longitudinal steel (vc)............0.c0cceceeee cee 0.03f’c 60 75 90 

Beams with propery designed web reinforcement, but with- 
out special anchorage of longitudinal steel (v)............ 0.06f’c 120 150 180 

Beams with properly designed web reinforcement and with 
special anchorage of longitudinal steel (v)................ 0.09f'c 180 225 270 

For conditions determining the use of greater shear values 
see Sec. 903(e). 

Flat slabs at distance d from edge of column cap or drop 


POAMELM CO) hig Sores Ra oe hk ce meio ers mae ok 0.03f’¢ 60 75 90 
Footings where longitudinal bars have no special anchor-| © 

AROI(G) ence cites Nate cetne eee oae netomat nieces abies 0.02f'c 40 50 60 
Footings where longitudinal bars have special anchorage (vc). 0.03f’¢ 60 75 90 

Bond: u. 

In beams and slabs and one-way footings: 

RIGINIDALN AL) ate dep tien since cis oa cite tn stoate ee etctoa 0.04f’c 80 100 120 

Melormed: barss(U)hamnesrliscsiscteieish aides enibe i n.ceN sist 0.05f’c 100 125 150 
Tn two-way footings: 

Plain bars (u)...... Be Ta biis o-cleie ciaretd ele icie eaehacniols je tejalons 0.03f’c 60 75 90 

Deformed: bars i(i)s:e.\c.nt ae vessels SASSO RR TINcH: TMA 0.0375f'c 75 94 112 


(Where special anchorage is provided (see Sec. 903), 
double these values in bond may be used.) 


Bearing: fe. : 
Where a concrete member has an area at least twice the area 
Fy GRIT (fo) rs tate events aie Se ore tines ahaa eee nial ere 0.25f’¢ 500 625 750 
Axial Compression: fe. ’ ‘ 
In columns with lateral ties (fe)........ skecyets ndysa0eoRans 0.225f’c 450 563 675 
Tn columns with continuous spirals enclosing a circular core: 
B= O01 casas as 300 + 0.14f’c 580 650 720 
OZR wats 300 + a: 660 ep a 
Ratio of longitudinal reinforeement) — §.o4"""""""""""| 300 Lozere | 80 | 950 | 1080 
OUR actors 300 + 0.30f’c 900 1050 1200 
LOBE eeeirecce ae 300 + 0.34f’c 980 1150 1320 
(Spiral reinforcement not to be less than 14 the longi- 
tudinal.) 


1 Unit stress in spirally reinforced columns = [300 + (0.10 + 4p)f’cl. 
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307: Allowable Unit Stresses in Reinforcement: 
(a) The following unit stresses in reinforcing steel shall not be 
exceeded : 


Tension: 
Intermediate grade billet steel’............ (fs) — 20,000 lb. per sq. in. 
Rails steel barsi-veasvanioe ee pone ere (f;) = 20,000 lb. per sq. in. 
Web) reinforcementiaemyee aereyeaiel tent eee (f,) = 16,000 lb. per sq. in. 
Strmctural tsteel/-shapes-;- 4 eee (fs) == 18,000 lb. per sq. in. 


Other steel reinforcement 50 per cent of the 
yield point stress, but not to exceed....(f,) = 20,000 Ib. per sq. in. 


Compression : 
Bars. 45's Bah Ye ad tie Oe Ce ee fe 
Structural steel section in composite columns...... 15,000 lb. per sq. in. 
Cast iron section in composite columns............ 9,000 lb. per sq. in. 


See Section 1106 for stresses in structural steel and cast iron 
not encased in concrete. 
Structural steel section in combination column, see Section 1107. 


CHAPTER 4. 
MIXING AND PLACING CONCRETE. 


401: Removal of Water from Dacavation: 

(a) Water shall be removed from excavations before concrete is 
deposited, unless otherwise directed by the commissioner of buildings. Any 
flow of water into the excavation shall be diverted through proper side 
drains to a sump, or be removed by other approved methods which will 
avoid washing the freshly deposited concrete. Water vent pipes and drains 
shall be filled by grouting or otherwise, after the concrete has thoroughly 
hardened, 


402: Cleaning Forms and Equipment: 

(a) Before placing concrete, ail equipment for mixing and transport- 
ing the concrete shall be cleaned, all debris and ice shall be removed from 
the places to be occupied by the concrete, forms shall be thoroughly wetted 
(except in freezing weather) or oiled, and clay or cement tile that will be 
in contact with concrete shall be well drenched (except in freezing 
weather). Reinforcement shall be thoroughly cleaned of ice or other 
coatings. 


403: Inspection: 

(a) Concrete shall not be placed until the forms and reinforcement 
have been inspected by the architect or engineer responsible for the design 
or his authorized representative. 


Until existing stocks of structural and hard grades of billet-steel rein- 
forcement are exhausted, these grades, if conforming to the provision of Sec. 207. 
may be used with the following unit stresses: 

Structural) Gradews cea eevatesbusiereseriarere me ( 
Hard) Grade aca: are accion tient cei eee ( 


18,000 lb. per sq. in. 
20,000 Ib. per sq. in, 


REINFORCED-CONCRETE Buitpineg REGuLAtions. 799 


404: Mining: 

(a) The concrete shall be mixed until there is a uniform distribution 
of the materials and the mass is uniform in color and homogeneous. The 
mixer shall be of such type as to insure the maintaining of the correct pro- 
portions of the ingredients. ‘The mixing shall continue for at least one 
minute after all the ingredients are in the mixer, 


405: Transporting: 

(a) Concrete shall be handled from the mixer to the place of final 
deposit as rapidly as practicable by methods which will prevent the sepa- 
ration or loss of the ingredients. It shall be deposited as nearly as prac- 
ticable in its final position to avoid rehandling or flowing. Under no 
circumstances shall concrete that has partially hardened be deposited in 
the work. 

(b) When concrete is conveyed by chuting, the plant shall be of such 
size and design as to insure a practically continuous flow in the chute. 
The slope of the chute shall be such as to allow the concrete to flow with- 
out separation of the ingredients. The delivery end of the chute shall be 
as close as possible to the point of deposit. When the operation is inter- 
mittent, the spout shall discharge into a hopper. The chute shall be thor- 
oughly flushed with water before and after each run; the water used for 
this purpose shall be discharged outside the forms. 


406: Placing: 

(a) When concreting is once started, it shall be carried on as a con- 
tinuous operation until the placing of the section or panel is completed. 
Where construction joints are necessary, they shall be made in accordance 
with Sec. 507. 

(b) Conerete shall be thoroughly compacted by puddling with suit- 
able tools during the operation of placing, and thoroughly worked around 
the reinforcement, around embedded fixtures, and into the corners of the 
forms. 

(c) Where conditions make puddling difficult, or where the rein- 
forcement is congested, batches of mortar containing the same proportion 
of cement to sand used in the concrete, shall first be deposited in the 
forms and the operation of filling with the regularly specified mix be car- 
ried on at such a rate that the mix is at all times plastic and flows readily 
into the spaces between the bars. 

(d) A record shall be kept on the work of the time and date of plac- 
ing the concrete in each portion of the structure. Such record shall be 
kept until the completion of the structure and shall be open to the inspec- 
tion of the commissioner of buildings. 


407: Curing: 

(a) Exposed surfaces of concrete shall be kept moist for a period of 
at least 7 days after being deposited. In hot weather, exposed concrete 
shall be thoroughly wetted twice daily during the first week. 
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408: Depositing in Cold Weather: 

(a) When depositing concrete at freezing or near freezing tempera- 
tures, the concrete shall have a temperature of at least 50 deg. F., but not 
‘more than 120 deg. F. The concrete shall be maintained at a temperature 
of at least 50 deg. F. for not less than 72 hours after placing or until the 
concrete has thoroughly hardened. When necessary, concrete materials 
shall be heated before mixing. Dependence shall not be placed on salt or 
other chemicals for the prevention of freezing. No frozen materials or 
materials containing ice shall be used. Manure shall not be applied 
directly to concrete when used for protection. 


CHAPTER 5. 
FoRMS AND DETAILS OF CONSTRUCTION. 


501: Design of Forms: 

(a) Forms shall conform to the shape, lines, and dimensions of the 
member as called for on the plans. They shall be substantial and suffi- 
ciently tight to prevent leakage of mortar; they shall be properly braced 
or tied together so as to maintain position and shape and insure safety 
to workmen and passershy. Temporary openings shall be provided where 
necessary, to facilitate cleaning and inspection immediately before deposit- 
ing concrete. 

502: Removal of Forms: 

(a) The removal of forms shall be carried out in such a manner as 
to insure the complete safety of the structure. Where the structure as a 
whole is supported on shores, removable floor forms, beams and girder 
sides, column and similar vertical forms may be removed within 24 hours, 
providing the concrete has hardened sufficiently that it is not injured. In 
no case shall the supporting forms be disturbed until the concrete has 
hardened sufficiently to permit their removal with safety. Shoring shall 
not be removed until the member has acquired sufficient strength to sup- 
port safely its weight and the load upon it. 


503: Cleaning and Bending Reinforcement: 

(a) Metal reinforcement, before being placed, shall be free from rust 
scale or other coatings that will destroy or reduce the bond. Reinforce- 
ment shall be formed to the dimensions indicated on the plans. Cold bends 
shall be made around a pin having a diameter of four or more times the 
least dimension of the bar. 

(b) Metal reinforcement shall not be bent or straightened in a man- 
ner that will injure the material. Bars with kinks or bends not shown on 
the plans shall not be used. Heating of reinforcement for bending will 
not be permitted. 

504: Placing Reinforcement: 

(a) Metal reinforcement shall be accurately placed and secured, and 
shall be supported by concrete or metal chairs or spacers, or metal hangers. 
The minimum center to center distance between parallel bars shall be 
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2% times the diameter for round bars or 3 times the side dimension for 
square bars; if the ends of bars are anchored as specified in Sec. 903, the 
center to center spacing may be made equal to 2 diameters for round bars 
or to 24% times the side dimension for square bars, but in no case shall 
the clear spacing between bars be less than 1 in., nor less than 114 times 
the maximum size of the coarse aggregate. Bars at the upper face of any 
member shall be embedded a clear distance of not less than one diameter, 
nor less than 1 in. 


505: Splices and Offsets in Reimforcement: 

(a) In slabs, beams, and girders, splices of reinforcement shall not 
be made at points of maximum stress without the approval of the com- 
missioner of buildings. Splices, where permitted, shall provide sufficient 
lap to transfer the stress between bars by bond and shear. In such splices, 
the bars shall be spaced at the minimum distance specified in Sec. 504. 

(b) Splices in column bars shall provide a lap of 24 diameters for 
deformed bars and 30 diameters for plain bars. 

(c) Where changes in the cross-section of a column occur, the longi- 
tudinal bars shall be sloped for the full length of the column or offset in 
a region where lateral support is afforded. Where offset, the slope of the 
inclined portion from the axis of the column shall not be more than | in 6. 


506: Protective Covering of Concrete: 

(a) At those surfaces of footings and other principal structural 
members in which the concrete is deposited directly against the ground, 
metal reinforcement shall have a minimum covering of 3 in. of concrete. 
At other surfaces of concrete exposed to the ground or weather, metal 
reinforcement shall be protected by not less than 2 in, of concrete. 

(b) In fire-resistive construction, metal reinforcement shall be pro- 
tected by, not less than 1 in. of concrete in slabs and walls, and not less than 
1% in. in beams, girders, and columns, provided coarse aggregate is used, 
which is free from disruptive action under high temperatures, as, for exam- 
ple, limestone or trap rock; when impracticable to obtain aggregate of this, 
grade, the protective covering shall be % in. thicker and shall be reinforced 
with metal mesh having openings not exceeding 3 in. placed 1 in. from the 
finished surface. In similar structures where the fire hazard is limited, the 
metal reinforcement shall not be placed nearer the exposed surface than 
34 in. in slabs and walls, or | in. in beams, girders, and columns. 

(c) Cement or gypsum plaster, % in. or more in thickness (on metal 
lath weighing not less than 24% lb. per sq. yd. when used vertically, nor 
less than 3 lb. per sq. yd. when used horizontally) may be substituted for 
a part of the protective covering of concrete, provided that only two-thirds 
of the thickness of the plaster be considered effective and the concrete pro- 
tection shall in no case be reduced to less than % in. 

(d) Exposed reinforcement bars intended for bonding with future ex- 


tensions shall be protected from corrosion. 
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507: Construction Joints: 

(a) Joints not indicated on the plans shall be so made and located 
as to least impair the strength of the structure. Where a horizontal joint 
is to be made, any excess water and laitance shall be removed from the 
surface after concrete is deposited. Before depositing of concrete is re- 
sumed, the hardened surface shall be cleaned and roughened and all weak 
concrete removed. 

(b) At least 2 hours must elapse after depositing concrete in the 
columns or walls before depositing in beams, girders, or slabs supported 
thereon. Beams, girders, brackets, column capitals, and haunches shall be 
considered as part of the floor system and shall be placed monolithically 
therewith. : 

(c) Construction joints in floors shall be located near the middle of 
spans of slabs, beams, or girders, unless a beam intersects a girder at this 
point, in which case the joints in the girders*shall be offset a distance 
equal to twice the width of the beam. In this last case provision shall be 
made for shear by use of inclined reinforcement. 


CHAPTER 6. 
DESIGN—GENERAL CONSIDERATIONS. 

601: Assumptions: 

(a) The design of reinforced-concrete members under these specifica- 
tions shall be made with reference to working stresses and safe loads. The 
accepted theory of flexure as applied to reinforced concrete shall be applied 
to all members resisting bending involving the following assumptions: 

(1) The steel takes all tensile stress, 

(2) The ratio n of the modulus of elasticity of the steel to that 
of the concrete shall be taken as follows (applies also 
for compression members) : 


E, 30,000 


n = ———_ — 
1,000’, he 
602: Notation: 
(a) ‘The symbols and notation used in these regulations are defined 
as follows: 


a <=width of face of column or pedestal; 

aq = angle between inclined web bars and axis of beam; 

A =total area of top of pedestal, pier, or footing ; 

A’ =loaded area of pedestal, pier, or footing at the column base; 

A, =area of core of spirally-hooped column measured to the outside 
diameter of the spiral; 

Ag =gross area of tied columns with lateral ties; 

A, = effective cross-sectional area of metal reinforcement in tension 


in beams or compression in columns; and the effective 
cross-sectional area of metal reinforcement which crosses 
any of the principal design sections of a flat slab and which 
meets the requirements of Sec. 1005, 1008, 1009, and 1010. 


> 
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A, =total area of web reinforcement in tension within a distance 
of s (measured perpendicular to the direction of the web 
reinforcement bar), or the total area of all bars bent up in 
any one plane; 


b = width of rectangular beam or width of flange of T-beam; 

b’ =thickness of web in beams of I or T sections; 

b, = dimension of the dropped panel of a fiat slab in the direction 
parallel to 1,; 

co diameter in feet of column capital of a flat slab at the under- 


side of the slab, or dropped panel. No portion of the col- 
umn capital shall be considered for structural purposes 
which lies outside of the largest 90° cone that can be in- 
cluded within the outlines of the column capital; 


c =projection of footing from face of column or pedestal; 

d =—depth from compression surface of beam or slab to center of 
longitudinal tensile reinforcement; 

EH. = modulus of elasticity of concrete in compression; 

BH, = modulus of elasticity of steel in tension or compression = 
30,000,000 lb. per sq. in.; 

fc == compressive unit stress in extreme fiber of concrete in flexure 
or axial compression in concrete in columns; 

f’s ultimate compressive strength of concrete at age of 28 days; 

fr compressive unit stress in metal core; 

fs ztensile unit stress in longitudinal reinforcement ; 

fy x=tensile unit stress in web reinforcement; 

kh =unsupported length of column; 

I =moment of inertia of a section about the neutral axis for bend- 
ing ; 

1 =span length of beam or slab (generally distance from center to 
center of supports; for special cases, see Sec. 702 and 
1005) ; 

1 =span length of flat slab panel (usually expressed in feet) cen- 


ter to center of columns, in the direction in which moments 
are considered (see Sec. 1003) ; 


1, span length of flat slab, center to center of columns, perpen- 
dicular to the rectangular direction in which moments are 
considered ; 

M =bending moment or moment of resistance in general; 
M, =sum of positive and negative bending moments at the principal 
design sections of a panel of a flat slab (see Sec. 1003) ; 

nm =FE;/E, = ratio of modulus of elasticity of steel to that of con- 
crete; . 

Yo» = sum of perimeters of bars in one set; 
p <ratio of effective area of tensile reinforcement to effective area 


of concrete in beams = A,/6d; and the ratio of effective 
; area of longitudinal reinforcement to the area of the con- 


erete core in columns; 
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Pa =permissible unit stress on pedestal, pier, or footing when the 
full area is loaded; 


P -=total safe axial load on column whose length does not exceed 
11 times its least cross-sectional dimension; 
P’ =total safe axial load on long column; 


“7, == permissible unit working stress in concrete over the loaded area 
of a pedestal, pier, or footing; 


R =least radius of gyration of a section; 

s = spacing of stirrups measured perpendicular to the direction of 
the stirrup; 

t =thickness of flange of T-beam; 


t, = thickness of flat slab without dropped panels; or the thickness 
of flat slabs, including dropped panels where one is used; 


t, = thickness of flat slab with dropped panels at points away from 
the dropped panel; : 

u =bond stress per unit of area of surface of bar; 

_% shearing unit stress; 

v. = unit shearing stress permitted on the concrete of the web; the 
value depending on the anchorage of the longitudinal rein- 
forcement; 

V  =total shear; 

V’ =excess of the total shear over that permitted on the concrete; 

w == uniformly distributed load per unit of length of beam or slab; 

w =upward reaction per unit of area of base of footing; 

w’ =uniformly distributed dead and live load per unit of area of a 


floor or roof (in flat slabs usually expressed in pounds per 
square foot) ; 

W -=total dead and live load uniformly distributed over a single 
panel area (in flat slabs usually expressed in pounds and 
includes the dead weight of any raised or depressed por- 
tions). 


603: Design Loads: ? 

(a) The provisions for design herein specified are based on the 
assumption that all structures shall be designed for all dead- and live-loads 
coming upon them, the live-loads to be in accordance with the general 
requirements of the building code of which this forms a part, with such 
reductions for girders and lower story columns as are permitted therein. 


604: Wind Loads: 

(a) Provisions shall be made for wind loads in accordance with the 
general provisions of the code of which this forms a part. In designing 
the members to resist wind loads, the allowable unit stresses for dead- and 
live-load and wind loads may be increased to 150 per cent of the allowable 
values specified in Sec. 306 and 307, but the section shall not be less than 
that required if the wind load be neglected. 
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CHAPTER 7. 
FLEXURAL COMPUTATIONS AND MOMENT COEFFICIENTS. 


701: Formulas for Flexure: 

(a) Computations of flexural resistance of reinforced-concrete beams 
and slabs shall be based on the assumptions of Sec. 601. The customary 
formulas or their equivalent shall be used. 

702: Span Length: 

(a) The span length of freely supported beams and slabs shall be the 
clear span plus the depth of beam or slab, but shall not exceed the distance 
between centers of the supports. 

(b) The span length for continuous or restrained beams built to act 
integrally with supports shall be the clear distance between faces of 
supports. 

(c) For continuous or restrained beams having brackets built to 
act integrally with both beam and support and of a width not less than the 
width of the beam and making an angle of 45 deg. or more with the hori- 
zontal, the span shall be measured from the section where the combined 
depth of the beam and bracket is at least one-third more than the depth of 
the beam. No portion of such a bracket shall be considered as adding to 
the effective depth of the beam. Brackets making an angle of less than 
45 deg. with the horizontal may be considered as increasing the effective 
depth of the beam, but not as decreasing the span length. 

(d) Maximum negative moments are to be considered as existing at 
the ends of the span, as defined above. 


703: Depth of Beam or Slab: 

(a) The depth of the beam or slab shall be taken as the distance 
from the centroid of the tensile reinforcement to the top surface of the 
structural slab. Any floor finish not placed monolithic with the floor slab 
shall not be included as a part of the structural member. When the finish 
is placed monolithic with the structural slab in buildings of the warehouse 
or industrial class where the finish is subjected to unusual wear from 
trucking or other causes, there shall be placed an additional depth of 4% in. 
over that used in the design of the member. 


704: Point of Inflection: 

(a) For the purpose of these regulations, the point of inflection in 
beams and slabs of equal spans symmetrically loaded shall be assumed to 
be located at the fifth point of the span as defined in Sec. 702. 


705: Distance between Lateral Supports: 
(a) The clear distance between lateral supports of a beam shall not 
exceed 32 times the least width of compression flange. 


706: Requirements for T-Beams: 

(a) In T-beam construction the slab shall be built integrally with 
the beam. The effective flange width to be used in the design of symmetri- 
cal T-beams shall not exceed one-fourth of the span length of the beam, 


806 REINFORCED-CONCRETE BUILDING REGULATIONS. 


and its overhanging width on either side of the web shall not exceed eight 
times the thickness of the slab nor one-half the clear distance to the next 
beam. 

(b) For beams having a flange on one side only, the effective over- 
hanging flange width’shall not exceed one-twelfth of the span length of the 
beam, nor six times the thickness of the slab, nor one-half the clear dis- 
tance to the next beam. 

(c) Where the principal reinforcement in a slab which is considered 
as the flange of a T-beam (not a rib in ribbed floors) is parallel to the 
beam, transverse reinforcement shall be provided in the top of the slab. 
This reinforcement shall be designed to carry the load on the portion of 
the slab assumed as the flange of the T-beam. The spacing of the bars 
shali not exceed five times the thickness of the flange, or in any case 18 in. 

(d) Provision shall be made for the compressive stress at the support 
in continuous T-beam construction, care being taken that the provisions of 
Sec. 504, relating to the spacing of bars, and 406(c), relating to the plac- 
ing of concrete shall be fully met. In~no case shall the area of steel in 
compression at any cross-section adjacent to the support exceed 2 per 
cent of the cross-sectional area of the stem of the beam in that section. 

(e) The overhanging portion of the flange of the beam shall not be 
considered as effective in computing the shear and diagonal tension resist- 
ance of T-beams. 

(f) Isolated beams in which the T-form is used only for purpose of 
providing additional compression area, shall have a flange thickness not 
less than one-half the width of the web and a total flange width not more 
than four times the web thickness. 


707: Ribbed Floor Construction: 

(a) Ribbed floor construction includes floor systems of ribs and slabs 
placed monolithically in which the ribs are not farther apart than 36 in. 
face to face. The ribs shall be straight, not less than 4 in. wide, nor of a 
depth more than 3 times the width. 

(b) Where removable forms or fillers not complying with (c) are used 
the thickness of the concrete slab shall not be less than 1 /12 of the clear 
distance between ribs and in no case less than 2 in. 

(ec) When burned clay or cement tile are used and concrete is 
placed on the top of such tile, it shall not be less than 14% in. in thickness, 
nor less than one-twelfth of the clear distance between ribs. When the tile 
are so placed that the joints in alternate rows are staggered, the webs of 
the tile in contact with the ribs may be included in calculations involving 
shear or negative bending moment. No other portion of the tile may be 
included in design calculations. 

(d) Where the floor is subject to impact from moving loads, or to 
wear, the slab thicknesses shall be increased % in. If a floor or covering 
7% in. or more in thickness, not included in the structural slab, is used 
for a wearing surface, no increase need be made. 
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(e) Where the slab contains conduits or pipes, the thickness shall not 
be less than 1 in. plus the total overall depth of such conduits or pipes at 
any point. Such conduits or pipes shall be so located as not to reduce the 
strength of the construction. 

(f) Shrinkage reinforcement in the slab must be provided as required 
in Section 712. 


708: Moment Coefficients for Freely Supported or Slightly Restrained 
Continuous Beams or Slabs of Approwimately Equal Span; Uniform Load: 

(a) Beams and slabs of approximately equal spans freely supported 
or built to act integrally with beams, girders, or other slightly restraining 
support, or beams and slabs built into brick or masonry walls in a manner 
which develops only partial end restraint, and carrying uniformly distribu- 
ted loads shall be designed for the following moments at critical sections: 


(1) Beams and slabs of one span, 
Positive moment near center, 


(2) Beams and slabs continuous for two spans only, 
Positive moment near center, 


wi 
2) Be ARNE ER RIE MEO VOIGT HOI SEO Ce (2) 
10 
Negative moment over interior support, 
wP 
BSc NATE dg Oa PI ELSES hr hgh a Rn a are (3) 
8 


(3) Beams and slabs continuous for more than two spans, 
Positive moment near center and negative moment at sup- 
port of interior spans, 


Positive moment near centers of end spans and negative 
moment at first interior support, 


wl 
~~ 10 
(4) Negative moment at end supports for cases (1), (2), and (3) of 


this section, 
wl? 
M = not less than — .........ceevcceecsscreees (6) 
24 
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709: Moment Coefficients for Fully Restrained Continuous Beams or 
Slabs of Approximately Equal Span: Uniform Load: 

(a) Beams and slabs of approximately equal spans built to act in- 
tegrally with columns, walls, or other restraining supports and assumed to 
carry uniformly distributed loads, shall (except as provided in Sec. 708) 
be deSigned for the following moments at critical sections: 


(1) Interior spans; 
Negative moment at interior supports except the first, 


wl? 

ME Seay 8 Fol b seis Bastar hain tthCh eh rab te ee ea ee (7) 
NPA 

Positive moment near centers of interior spans, 

wo? 

BE ee A As Te hace Ss Sa eS Ee (8) 
16 

(2) End spans of continuous beams or slabs, and beams or slabs of 


one span; 
Where J/l is less than twice the sum of the values of I/h 
for the exterior columns above and below which are built 
into the beams: 
Positive moment near center of span and negative moment 
at first interior supports, 


wl? 
MA rl Serato en hS iS hie naar e Saar eae e ae een (9) 
12 
Negative moment at exterior supports, 
wl? 
BE nah ctatetc ais Haves See ate (10) 
12 


Where I/1 is equal to or greater than twice the sum of the 
values of I/h for the exterior column above and below 
which are built into the beams: 

Positive moment near center of span and negative moment 
at first interior support, 


wr? 
5 Ee EEA i ke (11) 
10, 
Negative moment at exterior support, 
wl? 
Mo ahi le eb so ee eee (12) 
16 


(b) In this section, I represents the moment of inertia which, for 
those calculations, shall be computed on the assumption that the member 
is homogeneous, neglecting the reinforcement, but including that portion of 
the concrete section outside of the reinforcement which is ordinarily con- 
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sidered as fireproofing. J and h are the span length and column height, 
respectively, as defined in Sec. 402 and 1102. 


710: Moment Ovefficients for Continuous Beams or Slabs of Unequal 
Span or with Non-Uniform Loads: 

(a) Continuous beams with substantially unequal spans, or with other 
than uniformly distributed loading, whether freely supported or restrained, 
shall be designed for the maximum moments resulting from the most severe 
probable combination of loading and restraint. Provision shall be made 
where necessary for negative moment near the center of short spans which 
are adjacent to Jong spans, and for the negative moment at the end sup- 
ports, if restrained. 


711: Compression Steel in Flexural Members: 


(a) Where it is necessary to introduce steel in compression in girders, 
beams, or slabs, such steel shall be thoroughly anchored by ties or stirrups 
not less than 4% in. in size which shall be spaced not more than 8 in. 
apart over the distance where the compression steel is required. 


712: Shrinkage and Temperature Reinforcement: 

(a) Reinforcement for shrinkage and temperature stresses normal to 
the principal reinforcement shall be provided in floor and roof slabs where 
the principal reinforcement extends in one direction only. Such reinforce- 
ment shall provide for the following minimum ratios of reinforcement area 
to concrete area, but in no case shall such reinforcing bars be placed farther 
apart than five times the slab thickness nor more than 18 in.: 


Hloormslabsewhere plain’ bars) are tsed)<cj.iac oel«ra o sratekeryee ones 0.0025 

Floor slabs where deformed bars are used ............0.2005: 0.002 

Floor slabs where wire fabric is used, having welded intersec- 
tions not farther apart in the direction of stress than 12 in..0.0018 


Roofsslabs where plaim bars areyused= 32%. 6. 0502-6 ee as eres 0.003 
Roof slabs where deformed bars are used ........-.---.+0 005: 0.0025 
Roof slabs where wire fabric is used, having welded intersections 

not farther apart in the direction of stress than 12 in. .... 0.0022 


*713: Floors Reinforced in Two Directions: 


(a) Concrete floors supported on four sides by beams, girders, or 
walls, and reinforced in two directions, shall be designed as follows, using 
moment coeflicients given in Section 708, 709, and 710 as required, except 
as indicated under (e). 

(b) If the length of the slab exceeds one and one-half times its 
width, the entire load shall be carried in the short direction. 

(c) In case of square panels and uniformly distributed load, one-half 
the live- and dead-load may be assumed as being resisted by each cross band. 


* The committee feels that this section may be too conservative. However, 
the additional investigation necessary to determine proper design methods 
requires more time than has been available. 
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(d) In rectangular panels of length L and breadth B, the portion 
of the load which shall be assumed as being supported by the slab in the 


L 1 : 
short direction shall be equal to (——-—) times the total load. The 
B 2 


remainder of the load shall be assumed as being supported by the slab in 
the long direction. The reinforcement in the long direction shall in no case 
be less than that specified in Sec. 712 for shrinkage and temperature 
reinforcement. 

(e) In placing the reinforcement account may be taken of the facts 
that the moment is less in the portions of the band which are adjacent 
and parallel to the supporting beams. In the one-quarter width of band 
parallel and adjacent to the beams, the computed moment may be reduced 
50 per cent. 

(f) Beams supporting such slabs shall be assumed to take the portion 
of the load as determined in (b), (c), or (d) without advantage of any 
reduction in live-load permitted in other sections of this code. The total 
load for each beam shall be assumed as uniformly distributed. 

714: Maximum Spacing of Principal Slab Reinforcement: 

(a) In slabs other than ribbed floor construction or flat slabs, the 
principal reinforcement shall not be spaced farther apart than three times 
the slab thickness, nor shall the ratio of reinforcement be less than specified 
in Section 712 (a). 


CHAPTER 8. 
SHEAR AND DIAGONAL TENSION. 
801: Shearing Unit Stress: 
(a) The shearing unit stress (v) in reinforced-concrete beams shall 
be computed by formula (14) : 
8V 


7 bd 

When the value of the shearing unit stress computed by formula (14) 
exceeds the unit shearing stress (v.) permitted on the concrete of the web 
(see 306-a), web reinforcement shall be provided to carry the excess. 

(b) For beams of I or T section }’ shall be substituted for } in 
formula (14). 

(c) In tile and joist construction, b may be taken as a width equal 
to the thickness of the concrete web plus the thickness of the vertical 
webs of the concrete or clay tile in contact with the joist as in Sec. 707 (c). 

802: Types of Web Reinforcement: 

(a) Web reinforcement may consist of: 


(1) Vertical stirrups or web reinforcing bars; 

(2) Inclined stirrups or web reinforcing bars forming an 
angle of 30 deg. or more with the axis of the beam. 

(3) Longitudinal bars bent up at an angle of 15 deg. or 
more with the axis of the beam. 
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(b) Stirrups or bent-up bars to be considered effective as web rein- 
forcement shall be anchored at both ends, according to the provisions of 
Sec. 904. 

803: Stirrups: 

(a) Area of steel required in stirrup shall be computed by formula 
(15). 

V's 
A 


a 
14000d 


804: Spacing of Stirrups: 

(a) Where the shearing stress ig not greater than 0.06f’. the dis- 
tance s between two successive stirrups measured perpendicular to the 
direction of the stirrup shall not exceed %d, and where unit shearing 
stress exceeds 0.06f’e, it shall not be greater than %d. 


805: Bent-up Bars: 

(a) Where there is a series of parallel bent-up bars at varying dis- 
tances from the support, they shall be considered as inclined stirrups and 
the area required determined from formula (15). 

(b) Where bent-up bars in a single plane are used for web reinforce- 
ment, the required area of the bar shall be computed by formula (16). 

Vv’ 
Ay =—————_. 
16000 sin a 

(c) In formula (16), V’ shall not exceed 0.035f’. bd nor @ be less 
than 15 deg. Only the center three-fourths of the inclined portion of such 
bar or group of bars shall be considered effective in resisting shear. Be- 
tween the face of the support and the area reinforced by the bent-up bar, 
other web reinforcement shall be provided, except that when the distance 
is less than d/2 and the beam is designed for uniform load only, such 
additional reinforcement need not be provided. 


806: Combined Web Reinforcement: 

(a) Where two or more types of web reinforcement are used in con- 
junction, the total shearing resistance of the beam shall be assumed as the 
sum of the shearing resistances computed for the various types separately. 
In such computations the shearing resistance of the concrete shall be 
included only once. 


807: Shearing Stress in Flat Slabs: 

(a) In flat slabs, the shearing unit stress on a vertical section which 
lies at a distance t,—114 in. from the edge of the column capital and 
parallel with it, shall not exceed the following values when computed by 
formula (14) (in which d shall be taken as t,— 1% in.): 


(1) 0.03f’, when at least 50 per cent of the total negative rein- 
forcement passes directly over the column capital; 
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(2) 0.025f’, when 25 per cent of the total negative reinforce- 
ment passes directly over the column capital (which is 
the least that shall be permitted) ; 

(3) For intermediate percentages, intermediate values of the 
shearing unit stress shall be used. 


“(b) In flat slabs, the shearing unit stress on a vertical section which 
lies at a distance of t, 11% in. from the edge of the dropped panel and 
parallel with it shall not exceed 0.03f’, when computed by formula (14) 
(in which d@ shall be taken as t, 114 in.). At least 50 per cent of the 
cross-sectional area of the negative reinforcement in two column strips 
must be within the width of strip directly above the dropped panel. 

808: Shear and Diagonal Tension in Footings: 

(a) The shearing unit stress computed by formula (14) on a vertical 
section, which lies at a distance d@ from the face of the supported column 
or pier and parallel with it, shall not exceed 0.02f’, for footings with 
straight bars, nor 0.03f’,. for footings-in which the bars are anchored at 
both ends by adequate hooks or otherwise specified in Sec. 903. 

(b) In footings supported on piles, the critical section for diagonal 
tension shall be considered the distance d/2 from the face of the column 
or pedestal and any piles whose centers are at or within this section shall 
be excluded in computing the shear. 


CHAPTER 9. 
Bonp AND ANCHORAGE 

901: Computation of Bond Stress in Beams: 

(a) Where reinforcement is used to resist tensile stresses developed 
by beam action, the bond stress shall be taken as not less than that com- 
puted by formula (17). 

8V 


Ua Tra so hihal'e skahele Pole Ohthe ene cheval oat eR RELA: (17) 
7 Ded 


(b) For continuous or restrained members, the critical section for 
bond for the positive reinforcement shall be assumed to be at the point 
of inflection, that for the negative reinforcement shall be assumed to be 
at the face of the support, and at the point of inflection. For simple 
beams, or at the outer ends of freely supported end spans of continuous 
beams, the critical section for bond shall be assumed to be at the face of 
the support. 

(c) Bent-up longitudinal bars which, at the critical section, are 
within a distance d/3 from horizontal reinforcement under consideration 
may be included with the straight bars in computing Do. 

902: Ordinary Anchorage Requirements: 

(a) Tensile negative reinforcement in any span of a continuous, re- 
strained, or cantilever beam, or in any member of a rigid frame, shall have 
a length of anchorage beyond the face of the supporting member sufficient 
to develop the full maximum tension at an average bond stress not greater 
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than 0.04f’,, tor plain bars, or 0.05f’, for deformed bars. Within any such 
span, not less than one-third of the negative reinforcements shall extend 
along the tension side of the beam at least to or beyond the point of inflec- 
tion, and any bars not so extended shall be bent down at a angle of not 
more than 45 deg. with the axis of the member and made continuous with 
the positive reinforcement or anchored in a region of compression. 

‘b) Of the positive reinforcement in continuous beams, not less than 
one-fourth the area shall extend at the same face of the beam into the 
support to provide an embedment of ten or more bar diameters beyond 
the face of the support. 

(c) For non-continuous beams not less than one-half the area of 
positive reinforcement shall extend af the same face of the beam into the 
support to provide an embedment of ten or more bar diameters. 

903: Special Anchorage Requirements: 

(a) Where increased shearing or bond stresses on account of special 
anchorages are permitted as specified in Section 306, anchorage of all rein- 
forcement as required in Section 902 shall be increased to conform with the 
requirements of (b), (c), (d), and (e) of this section. 

(b) In continuous and restrained beams, anchorage heyond points 
of inflection of at least one-third the area of the negative reinforcement 
and beyond the face of the support of at least one-third the area uf the 
positive reinforcement, shall be provided to develop one-third of the allow- 
able working stress in tension at average bond stresses not to exceed 
0.04f’c for plain bars nor 0.05f’c for deformed bars. 

(c) In footings, all°bars shall be anchored by means of hooks at the 
end of the bar. The total length of bar shall be the width of the footing 
plus 20 bar diameters The outer face of the hook shall not be less than 
3 in. nor more than 4 in. from the face of the footing. 

(d) In simple beams, or at the outer ends of freely supported end 
spans of continuous beams, at least one-half of the tensile reinforcement 
shall extend along the tension side of the beam to provide an anchorage 
Heyond the face of the support for one-third of the allowable working 
stress in tension at an average bond stress not to exceed 0.04f’> for plain 
bars, nor 0.05f’, for deformed bars. 

(e) In cases where the design of unusual members involves the use 
of unit shearing stresses in excess of 0.09f’., values up to 0.12f’, may be 
used, providing the requirements of this section are fully met, that the 
members in which these stresses are used shall be specially designated on 
the plans and that these members shall be constructed under the personal 
supervision of the designing engineer who shall notify the commissioner 
of buildings at least one day in advance of the placing of the concrete 1 
such member: When required by the commissioner of buildings, the design- 
ing engineer shall submit an affidavit certifying that he has personally 
supervised the construction of these members and that the design and 
construction was in all respects as called for on the plans and in con- 
fcrmity with the provisions of this code. 
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904: Anchorage of Web Reinforcement: 


(a) Web reinforcement shall be anchored at both ends by one of the 
following methods or combination thereof, but only anchorage meeting the 
requirements of (1), (2) or (3) shall be used for shearing unit stresses in 
excess of 0.08f’.. 


(1) Providing continuity with the main longitudinal reinforce- 
ment. 

(2) Bending around the longitudinal bar or steel shape; 

(3) A hook which has a radius of bend not less than 4 times the 
diameter of the web bar; 

(4) A length of embédment sufficient to develop the stress in 
the stirrup by bond as provided below, provided also that 
the other end of the stirrup is anchored as in (1). 


(b) The end anchorage of a web member not bearing on the longi- 
tudinal reinforcement shall be such as to engage an amount of concrete 
sufficient to prevent the bar from pulling out. In all cases the stirrups 
shall be carried as close to the upper and lower surfaces as fireproofing 
requirements permit. 

(c) The stress in a stirrup or web reinforcement bar shall not exceed 
a value equal to the surface area of the bar embedded within the upper or 
lower one-half of the beam multiplied by 0.04f’, for plain bars, or 0.05f’. 
for deformed bars, except that when wire fabric is used for web reinforce- 
ment it shall have welded intersections not farther apart than 6 in., but 
in no case shall the stress exceed 16,000 lb. per sq. in. 


CHAPTER 10. 
FLAT SLABS, 
(Two-Way and Four-Way Systems with Square or Rectangular Panels.) 
1001: Limitations: 


(a) The term flat slabs as used in these regulations refers to concrete 
slabs, having reinforcement bars extending in two or four directions, with- 
out beams or girders to carry the load to supporting members. 

(b) The moment coefficients, moment distribution, and slab thick- 
nesses specified herein are for a series of slabs of approximately uniform 
size arranged in three or more rows of panels in each direction, and in 
which the ratio of length to width of panel does not exceed 1.33. 

(c) Slabs with paneled ceiling or with dropped panels shall be con- 
sidered as coming under the requirements herein given, provided the drop- 
ped panel shall have a length or diameter in each direction parallel to 
a side of the panel of not less than 0.35 of the panel length in that direc- 
tion, and provided further that the depth of the thicker portion of the slab 


does not exceed one and one-half times the depth of the remainder of 
the slab. 
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(d) For structures having a width of less than three rows of panels, 
or in which irregular panels are used, an analysis shall be made of the 
moments developed in both slabs and columns. When so required, compu- 
tations shall be submitted to the commissioner of buildings for approval. 


1002: Panel Strips and Principal Design Sections: 


(a) For convenience of reference, a flat slab panel shall be consid- 
ered as consisting of strips as follows: 


A middle strip one-half panel in width symmetrical with respect 
to the panel center line and extending through the panel in 
the direction in which moments are being considered; 

A column strip one-half panel in width occupying the two quarter 
panel areas outside of the middle strip. 


When considering moments in the direction of the width of the panel, 
the panel is similarly divided by strips, the widths of which are each 
one-half the length of the panel. 


(b) The critical sections for moment calculations are referred to as 
principal design sections and are located as follows: 


Sections for Negative Moment. These shall be taken along the 
edges of the panel, on lines joining the column centers, and 
following the circumference of the column capital. 

Sections for Positive Moment. These shall be taken on the center 
line of the panel. 


1003: Moments in Interior Panels—General Case: 

(a) The numerical sum of the positive and negative moments in the 
direction of either side of a rectangular panel shall be not less than that 
given by formula (19). 


2c 
Mog = 0.09W1U (1 ——)? i. cece vec ccc ascceee peel o!) 
3l 


where M, = sum of positive and negative bending moments at the 
principal design sections, in the direction in which 
the length is given by J. This moment is in foot- 
pounds when c and J are in feet and W is in pounds. 


(b) The moments in the principal design sections shall be those given 
in the following table of moments, except that the maximum negative 
moment in the column strip may be greater or less than the values given 
in the table of moments by not more than 0.03M,, provided that the sum 
of the moments on the principal section remains equal to M,, and pro- 
vided further that the moment in each of the three other critical design 
sections be modified by not more than 0.01¥,. 
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MOMENTS TO BE USED IN DESIGN OF FLAT SLABS 
For Interior Panels Fully Continuous 
General case: all values of c: Mo given by formula (19) 


Flat Slabs without Dropped Panels Flat Slabs with Dropped Panels 
ee ae 
Negative | Positive Negative | Positive 


a ee ee I A 


Slabs with 2-Way Reinforcement 


Strip 


Column Strip.......... —Me = 9.46M +Me =0.22My | —Mg =050M, | +Mg = 0.20M 
Middle Strip........... —Mm = 0.16Mo | +Mm = 0.16Me | —M%, =0.15M° | 4M°, = 0.15Me 


nn ee ee ee Sy 


Slabs with 4-Way Reinforcement 


Column Strip......... —Me = 9.50Mo | +Me =0.20My | —Me =0.54M. | +Mg = 0.19Mg 
Middle Strip........... —Mm = 0.10Mo | +Mm = 0.20Mo | —Mm = 0.08My | +My = 0.19M°- 
x. 


ee ee 


(c) The width of section at the column head shall be taken as the 
width of the dropped panel where used or half the width of panel where 
no dropped panel is used. 

(d) The band width in the two-way system shall be such as to pro- 
vide reinforcement over the entire one-half panel width. 

(e) The band width for the direct bands in the 4-way system shall be 
approximately 4/10 of the panel width at right angles to the direction of 
the band (0.41,) and for the diagonal bands approximately 0.4 of the aver- 
age span length. In proportioning the reinforcement in this system, it 
shall be assumed that reinforcement in the direct band resists the entire 
positive moment for the column strip and the two diagonal bands resist the 
entire positive moment for the middle strip. Reinforcement for negative 
moment for the column strip shall include the area of reinforcement for 
negative moment in the diagonal bands multiplied by the cosine of the angle 
between the diagonal band and the axis of the direct band considered plus 
the full area of the reinforcement for negative moment in the direct band. 
The negative reinforcement for the middle strip shall be provided inde- 
pendently of the diagonal bands. 

1004: Moments in Interior Panels — Special Case, c = 0.225 times the 
average span length: 

(a) For the particular case where ¢ is equal to 0.225 times the 
average span length (the average of the distances ceuter to center of 
columns on the two sides of the panel), formula (19) reduces to formula 
(19a). 


My = O.0GB WU, oa nia onc oes See ee Cee (19a) 


(b) For two-way slab, the values of M, may be obtained from 
formula (19a) and the distribution taken from the table in See. 1003 (b). 
(c) For the four-way slab with dropped panel, the following table 
of coefficients may be used in computing the reinforcement required in each 
of the bands, provided that 1 for the direct bands shall be the center 
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to center distance between columns in the direction in which the band 
extends, and for the diagonal bands the average value of 1 for the two 
direct bands of the panel. The moments in the table are those on sections 
at right angles to the direction of the respective bands: 


BAND Location AMOUNT 
AEOCE Share Rte res ak ee oti siae Centerie sin. Liens. -0.012Wi 
Wiaronale eka. toy. t tee he sts creck Centers mmr easy sna cyotrer tet -+-0.009W1 
DIT eOt Meee ees teier te oh ceeseerevern At column head ....... —0.020W1 
Diag Ona eis s eee ee At column head ....... —0.011W1 
Top band across direct band.... Between columns ...... —0 005W1 


1005: Thickness of Slabs and Dropped Panels: 

(a) For slabs without dropped panels, using concrete of 2,000 Ib. 
per sq. in. ultimate strength, the total thickness of the slab ¢,, in inches, 
shall be not less than the value given by formula (20). 


6] 
P0038 Ven 4E oe) Pol ce SA ae etic eal (20) 
l 


where w’ = uniformly distributed dead and live-load, lb. per sq. ft. 

(b) For slabs with dropped panels, using concrete of 2,000 lb. per 

sq. in. ultimate strength, the total thickness in inches at points beyond 
the dropped panel shall be not less than 


CU MOE Pte PMA tro tea cues elvis teen eee ove Sees at (21) 


(c) The dropped panel shall have a thickness not greater than 1.5¢, 
nor less than 1.25t,. The side or diameter of the dropped panel shall not 
be less than 0.35 times the side of the panel in the parallel direction. 

(d) In determining minimum thickness by formulas (20) and (21), 
the value of J shall be the panel length center to center of the columns, 
on the long side of the panel. For concrete of 2,000 lb. per sq. in. ulti- 
mate strength, the slab thickness ¢, or ¢, shall in no case be less than 1/32 
for floor slabs, and not less than 1/40 for roof slabs. 

(e) Where concretes of higher ultimate strengths than 2,000 Ib. per 
sq. in. are used, the thickness given by formulas (20) and (21) and the 


rh Yes ee 
2,000 
limiting thicknesses may be reduced by multiplying by the factor i 


’ 
4 


Cc 
in which f’, is the ulfimate strength of the concrete to be used. 


1006: Limiting Percentages of Reinforcement: 

(a) The ratio of reinforcement for negative moment in the column 
strip shall not exceed the values of p calculated for balanced reinforcement, 
that is, the amount of reinforcement for which both the steel and the 
concrete are stressed to the full amount permitted by Sec. 306 and 307. 
Any reinforcement in excess of this amount shall not be included in the 
calculation. In computing the ratio of reinforcement for negative moment 
in the column strip, the width of section shall be taken as in See. 1003 (c). 
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In the case of four-way design, the steel area shall consist of the area of 
steel for negative moment as defined in 1003 (e). 

(b) The ratio of flat slab reinforcement in any strip shall not be less 
than 0.0025. Bars shall not be spaced farther apart than 11% times the slab 
thickness. 


1007: Point of Inflection: 

(a) In the middle strip the point of inflection for slabs without 
dropped panels shall be assumed at a line 0.331 distant from the center 
of the span and for slabs with dropped panels 0.31 distant from the center 
of the span. 

(b) In the column strip, the point of inflection for slabs without 
dropped panels shall be at a line 0.33 (l—e) distant from the center of 
the panel and 0.3 (l—c) for slabs with dropped panels. 


1008: Arrangement of Reinforcement at Column Heads—Two- and 
Four-Way Systems: 

(a) In both two- and four-way systems, provision shall be made for 
securing the reinforcement in place so as to resist properly not only the 
critical moments, but also the moments at intermediate sections. The 
full area of steel required for negative moment at the column head shall 
be continued in the same plane close to the upper surface of the slab to 
the edge of the dropped panel, but in no case less than a distance 0.21 
from the center line of column. Lapped splices shall not be permitted at 
or near regions of maximum stress except as described in Sec. 505. 


1009: Arrangement of Reinforcement—T'wo-Way System: 

(a) + For column strips at least four-tenths of the area of steel re- 
quired at the section for positive moment in the column strip shall be 
of such length and so placed as to reinforce the negative moment section 
at the two adjacent column heads. These bars, and any other bars for 
negative reinforcement shall extend into the adjacent panel to a point 
at least 0.051 beyond the point of inflection. Not less than one-third of 
the bars used for positive reinforcement in the column strip shall extend 
into the dropped panel at least twenty diameters of the bar, but not less 
than 12 in. or in case no dropped panel is used, shall extend to within 
0.1251 of the center line of the columns or the supports. The balance of 
the bars for positive reinforcement in the column strip shall extend’ at 
least 0.337 on either side of the center line of panel. 

(b) For the middle strip at least one-half of the bars for positive 
moment shall be bent up and extend over the main bands at both sides 
of the panel to a point at least 0.251 beyond the center line of columna. 
The location of the bends shall be such that for a distance 0.151 for slabs 
with dropped panels, (or 0.1251 for slabs without dropped panels), on each 
side of the center line of columns, the full reinforcement required for 
negative moment will be provided in the top face of the slab. The full 
reinforcement for positive moment in the middle strip shall extend in the 
bottom face of the slab to a point at least 0.31 on either side of the panel 
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center line, and at least 50 per cent of it shall extend to points 0.3251 on 
either side of the panel center line for slabs with dropped panels, or 
0.351 for slabs without dropped panels. 

1010: Arrangement of Reinforcement—Four-Way System: 

(a) For direct bands, all provisions governing the placing of steel 
in column strips in two-way systems apply as well to the direct bands in 
four-way systems. 

(b) For diagonal bands, at least four-tenths of the area of steel re- 
quired at the section for positive moment shall be of such length and so 
placed as to reinforce the negative moment section at the two diagonally 
opposite column heads. These bars and any other bars for negative rein- 
forcement shall extend into the adjoining panel to points at least 0.41 
beyond a line drawn through the column center perpendicular to the direc- 
tion of the band. The straight bars for positive moment in the diagonal 
bands shall not be shorter than the longer straight bars in the direct 
bands. 

(c) For negative moment in the middle strip, the required steel shall 
extend not less than 0.25/ on either side of the column center line. 

1011: Wall and Other Irregular Panels: 

(a) In wall panels and other panels in which the slab is non-con- 
tinuous on one edge, the maximum positive moments on the principal 
design sections parallel to the discontinuous edge (reinforcement perpen- 
dicular to that edge) shall be increased by 25 per cent. 

(b) The positive moment reinforcement perpendicular to the discon- 
tinuous edge shall extend to this edge and have an embedment of at least 
6 in. in spandrel beams or columns. All negative moment reinforcement 
shall be bent or hooked at spandrel beams or columns to provide adequate 
bond resistance. 

(c) At the wall or discontinuous edge the negative moment in the 
column strip shall be taken as not less than 90 per cent and in the middle 
strip not less than 6214 per cent of the corresponding moments for a 
normal interior panel as given in the table of Sec. 1003(b). 

(d) Where there is a beam or a bearing wall at the center line of 
columns in the interior portion of a continuous flat slab, the negative 
moment at the beam or wall line in the middle strip perpendicular to 
the beam or wall shall be taken as 30 per cent greater than the negative 
moment specified in Sec. 1003(b) for a middle strip. The half column 
strip adjacent and parallel to and lying on either side of the beam or 
wall shall be designed to resist moments at least one-fourth of those 
specified in Sec. 1003(b) for a column strip. The beam or wall in such 
cases shall be designed to carry a uniformly distributed load equal to one- 
fourth of the panel load on either side in addition to the loads directly 
imposed upon it. 

1012: Panels With Marginal Beams: 

(a) In panels having marginal beam on one edge or on each of the 
two adjacent edges, the beam shall be designed to carry at least the load 
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superimposed directly upon it, exclusive of the panel load. A marginal 
beam which has a depth greater than 114 times the minimum slab thick- 
ness, shall be designed to carry, in addition to the load superimposed 
directly upon it, a uniformly distributed load equal to at least %4 of the 
total live and dead load for which the adjacent panel or panels are de- 
signed. - Slabs supported by marginal beams on opposite edges shall be 
designed as freely supported slabs for the entire load. 

(b) The half column strip adjacent to and parallel with marginal 
beams, having a depth not greater than 1% times the minimum slab thick- 
ness, shall be designed to resist half the moment specified for a full column 
strip. 

(c) In wall panels having exterior columns where brackets, (the faces 
of which make an angle with the face of the column, projected upward, of 
not more than 45 deg.) are used in place of capitals, the value of ¢ in 
the direction in which the bracket extends may be taken as twice the dis- 
tance from the center of the column to a point where the structural portion 
of the bracket is 1% in. thick, and averaged with the value of ¢ for an 
interior column capital in the computations for moment in formula (19). 
The value of ¢ for column strips parallel and adjacent to a non-continu- 
ous edge of a slab where either no marginal beam is used, or where the 
beam used is not deeper than 114 times the minimum slab thickness, should 
be taken as equal to the width of the wall column if no bracket is used in 
this direction. 

(d) The value of ¢ for column strips parallel and adjacent to mar- 
ginal beams having a depth greater than the thickness of the slab at the 
wall columns, shall, if no bracket is used in this direction, be taken as 
equal to the width of the wall column plus twice the difference between the 
depth of the beam and the depth of the slab through the dropped panel. This 
value of ¢ is to be used in calculating the —M, and +-M, for the half 
column strip parallel and adjacent to the marginal beams only. This half 
column strip should be designed to resist a moment at least one-fourth as 
great as that specified for a column strip in the Table of Moments. 

(e) It shall be permissible to omit the dropped panels at wall columns 
provided the design complies with the requirements of Section 1003(b) and 
1006(a) for slabs without dropped panels. 


1013: Openings in Flat Slabs: 

(a) Openings of any size may be cut through the floor in the area 
common to two intersecting middle strips, provided the total positive and 
negative resisting moments be maintained as required in Sec. 1003(b) and 
that these total positive and total negative moments be redistributed be- 
tween the remaining principal design sections to meet the new conditions. 

(b) In any area common to two column strips, not more than one 
opening shall be allowed and the greatest dimension of such an opening 
shall not exceed 1/201. 

(ec) In any area common to one column strip and one middle strip, 
openings shall not interrupt more than one-quarter of the bars in either 
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strip and the equivalent of the bars so interrupted shall be provided by 
extra steel on both sides of the opening. 

(d) Any opening larger than described above shall be completely 
framed on all sides with beams to carry the loads to the columns. 


CHAPTER 11. 
REINFORCED-CONCRETE COLUMNS AND WALLS, 

1101: Limiting Dimensions: 

(a) Unless designed as long columns under the provisions of Sec. 
1108, reinforced-concrete columns shall not be longer than eleven times 
the least lateral dimension. Principal columns in buildings shall have a 
minimum diameter or thickness of 12 in. Posts that are not continuous 
from story to story shall have a minimum diameter or thickness of 6 in. 

1102: Unsupported Length of Columns: 

(a) The unsupported length of reinforced-concrete columns shall be 
taken as: 

(1) In flat-slab construction the clear distance between the floor 
and under side of the capital; 

(2) In beam-and-slab construction, the clear distance between the 
floor and the under side of the shallowest beam framing 
into the column at the next higher floor level; 

(3) In floor construction with beams in one direction only, the 
clear distance between floor slabs; 

(4) In columns supported laterally by struts or beams only, the 
clear distance between consecutive pairs (or groups) of 
struts or beams, provided that to be considered an ade- 
quate support, two such struts or beams shall meet the 
column at approximately the same level and the angle 
between the two planes formed by the axis of the column 
and the axis of each strut respectively is not less than 
75 deg., nor more than 105 deg. 

(b) When reinforced-concrete brackets are used at the junction of 
beams or struts with columns, the clear distance between supports may 
be considered as reduced by the depth of the bracket, provided the width 
of the bracket is at least equal to that of the beam and not less than 
one-half of the column. 

1103: Design of Spiral Oolumns: 

(a) The permissible axial load on columns reinforced with longitudi- 
nal bars and closely spaced spirals enclosing a circular core, shall not be 
greater than that determined by formula (22). 

P=A, [1+ (1 —1) PD] foresee eocesserveseens (22) 
in which A, is the area within the outer circumference of the spiral hoop- 
ing, and the values of f, are as given in Sec. 306, or as may be found 
for intermediate values of p by interpolation, or in general, by the formula, 


(NOUR IOAUCE Ap iar} asncetmet sree. 5 sn: (22a) 
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(b) The longitudinal reinforcement shall consist of at least six bars 
of minimum diameter of % in., and of an effective cross sectional area not 
less than 0.01, nor more than 0.06 of that of the core. The number of 
longitudinal bars concentrated in the ring at the periphery of the core shall 
be governed by the spacing requirements of Section 504(a). If all the bars 
cannot be placed at the periphery of the core, the bars within shall be 
stayed at intervals of 24 in., and shall not be nearer to the outer ring than 
two-tenths times the core diameter. When the ratio of reinforcement in a 
spirally reinforced column is greater than 0.04, special placing drawings 
illustrating the proper distribution of steel shall be submitted with the 
detail plans. Splices in longitudinal reinforcement shall provide a lap of 
at least 24-bar diameters for deformed bars, and 30 diameters for plain bars. 

(c) The ratio of the spiral reinforcement shall be not less than one- 
fourth the ratio of the longitudinal reinforcement. Spiral reinforcement 
shall consist of evenly spaced continuous spirals held firmly in place and 
true to line by at least three vertical spacer bars. At the ends of all 
spirals and at points of splice, the outside diameter shall be maintained. 
The spacing of the spirals shall not be greater than one-sixth of the 
diameter of the core and in no case more than 3 in. 

(d) Reinforcement shall be protected everywhere by a covering of 
concrete cast monolithic with the core which shall have a minimum thick- 
ness of 1% in. 


1104: Design of Columns with Lateral Ties: 

(a) The permissible axial load on columns reinforced with longitudi- 
nal bars and separate lateral ties shall not be greater than that determined 
by formula (23) : 

Pi 0.2266 Ag LS (uel hp ica ee eee (23) 

(b) The ratio of longitudinal reinforcement shall not be less than 
0.005 nor shall the ratio considered in the calculations be more than ~ 
0.02 of the total area of the column. The longitudinal reinforcement shall 
consist of not less than four bars of minimum diameter of 5@ in., placed 
with clear distance from the face of the column not less than 2 in., nor 
more than 3 in. Splices in longitudinal reinforcement shall provide a lap 
of at least 24-bar diameters for deformed bars, and 30 diameters for plain 
bars. 

(c) Lateral ties shall be at least 14 in. in diameter spaced not more 
than 12 in. apart. In columns of rectangular section, cross ties shall be 
arranged to afford support to the vertical bars at intervals not greater 
than the shorter side of the section, but such interval need not be less 
than 12 in. in any case. 

1105: Bending in Columns: 

(a) The bending moments in interior and exterior columns shall be 
determined on the basis of loading conditions and end restraint, and shall 
be provided for in the design. j 

(b) In flat-slab construction, the least dimension of the column shall 
be not less than one-fifteenth of the average center to center span, nor Jess 
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than 16 in. For known eccentric loads or unequal spacing of columns, 
computations of moments shall be made accordingly. Wall columns in 
flat-slab construction shall be designed to resist a bending moment of W1/35. 
Any counter moment due to the weight of the structure that projects 
beyond the column center line may be deducted from the moment computed 
as just described. Resistance to the bending moments shall be divided 
between the columns immediately above and below in direct proportion to 
the values of their ratios of I/h (see Sec. 709 and 1102). 

(c) The recognized methods shall be followed in calculating the 
stresses due to combined axial load and bending. The column section shall 
not be less than that required where axial load alone is considered. The 
limiting combined unit stresses shall be as follows: 


(1) Columns with spiral reinforcement, 


[3800 +-(0.10 + 4p) f’c ] +. 0.15f’. 


(2) Columns with lateral ties 0.3f’,- The total amount of rein- 
forcement considered in the computations shall not he 
more than 4 per cent of the total area of the column. 

(3) Tension in longitudinal reinforcement due to bending on the 
column shall not exceed 16,000 Ib. per sq. in. 


(d) Where the allowable unit stress in columns is increased (to pro- 
_vide for combined axial load and bending) and wind loads are also added, 
the total shall still come within the allowable values specified for wind 
loads in Sec. 604. 


1106: Oomposite Columns: 

(a) The permissible load on composite columns in which a structural 
steel or cast-iron column is thoroughly encased in a concrete core reinforced 
with not less than 0.02 nor more than 0.04 longitudinal reinforcement in 
the form of bars arranged at the periphery of the core, nor less than 0.01 
of spiral reinforcement meeting the requirements for spirals of Sec. 
1103 (c), shall be based on a certain unit stress for the steel or cast- 
iron section plus a unit stress of 0.25f’. on the net area of the concrete 
within the outer circumference of the spiral hooping enclosing the core. 
The longitudinal and spiral reinforcement ratios stated shall be based on 
the total core area enclosed within the outer circumference of the spiral 
hooping. 

(b) The unit compressive stress on the steel section shall not exceed 
15,000 lb. per sq. in. Where the steel section is required to carry construc- 
tion or other loads prior to its encasement in concrete, the stress shall not 
exceed that given by formula (24). 


18,000 


h? 


Nebo 
18,000 R? 


824 REINFORCED-CONCRETE BUILDING REGULATIONS. 


(c) The unit stress on the cast-iron section shall not exceed 9,000 Ib. 
per sq. in. Where the cast-iron section is required to carry construction, 
or other loads prior to its encasement in concrete, the stress shall not ex- 
ceed that given by formula (25), 


h 
f= 121000 == 60S hs 2 ot ee aa (25). 
R 
(d) The unit stress on the longitudinal reinforcement shall be 


0.25nf’.. 

(e) The diameter of the cast-iron’ section shall not exceed one-half 
the diameter of the core, nor shall its total area exceed 12 per cent of the 
core area, (area included within outer circumference of the spiral hooping). 
The dimension of the structural steel section shall be such as to provide 
at least 3 in. between the spiral and the corners of the section and its 
area shall not exceed 12 per cent of the core area. Metal columns shall be 
accurately milled at splices and positive provision shall be made for align- 
ment of one column above another. The spiral reinforcement shall be not 
less than 0.01 of the volume of the core, and shall conform in quality, 
spacing, and other requirements to the provisions for spirals in Sec. 1103 (c). 

Gay iia composite columns, provision shall be made at the base to 
transfer the load from the middle section at safe unit stresses in accordance 
with Section 1205. The base of the metal section shall be designed to trans- 
fer the load from the entire composite column to the foundation, or it may 
be designed to transfer the load from the metal section only, provided it is 
so placed in the pier or pedestal as to leave ample section of concrete above 
the base for the transfer of the load from the reinforced-concrete section of 
the column by means of bond on the vertical reinforcement, and by direct 
compression from the concrete. At the top of the metal section, provision 
shall be made to receive the full load to be transferred to the metal section 
at this point. At points in the structure below this, where the load on the 
metal section is increased, positive means, consisting of cast or built-up 
brackets rigidly attached to the metal section, shall be provided to receive 
the increase in load. 

(g) Ample section of concrete and continuity of reinforcement shall 
be provided at the junction with beams or girders. The area of the con- 
crete between the spiral and the metal column shall be not less than that 
required to carry the total floor load of the story above on the basis of 
a stress in the concrete of 0.35f’,, unless special brackets are arranged on 
the metal column to receive directly the beam or slab load. 


1107: Combination Columns: 

(a) Structural steel columns of any rolled or built-up section 
wrapped with the equivalent of No. 8 U.S. standard gage wire spaced 4 in. 
on center and encased in concrete not less than 2 in. thick over all of metal 
except rivet heads and connections will be permitted to carry a load equal 
to (1+A,/100A,) times permissible load for unencased steel columns. 
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(b) The permissible load for unencased steel columns shall be deter- 
mined by formula (24), provided the structural steel column acting inde- 
pendently of the concrete shall have sufficient capacity to carry all dead 
loads which will be placed thereon, and provided the quality of the concrete 
is such that it shall show a compressive strength of at least 2,000 lb. per 
sq. in. at 28 days when tested in accordance with Sec. 201 (c). 


1108: Long Columns: 

(a) The permissible working load on the core in axially loaded spiral 
or composite columns which have a length greater than 50 times the least 
radius of gyration of the column core (50R) shall not be greater than that 
determined by formula (26). 


100R 
(b) The-permissible working load on axially-loaded tied columns, 


which have a length greater than 40 times the least radius of gyration of 
the column section (40#), shall not be greater than that determined by 
formula (26a). 


(c) The radius of gyration of a column shall be computed from the 
concrete area used in design and the transformed section of the longitu- 
dinal steel area; that is, the actual area of steel multiplied by n. 


1109: Monolithic Walls: 

(a) Reinforced-concrete bearing walls shall have a thickness of at 
least one twenty-fifth (1/25) of the unsupported height or width, provided, 
however, that approved buttresses, built-in columns, or piers designed to 
carry all the vertical loads, may be used in lieu of greater thicknesses. 
Working compressive stresses in such walls shall not exceed 0.0625f’, when 
the wall is 25 times the thickness in height, increasing proportionately to 
0.125f’. when the wall is 15 times the thickness or less in height. 

(b) The lateral support for such walls shall consist of a fire-resistive 
floor when the framing is on one side of the wall only, but may be of a 
fire-resistive or of a non-fire-resistive type where framing is on both sides of 
the wall, provided that for residences, wood-frame construction properly 
tied may be used as support. 

(c) In fire-resistive buildings, reinforced-concrete bearing walls shall 
have a thickness at least equal to the values shown in the table of minimum 
wall thicknesses given at the end of this section, except that exterior base- 
ment walls shall not be less than 8 in. thick. 

(d) In fire-resistive buildings, bearing walls shall be reinforced with 
an area of steel in each direction, vertical and horizontal, at least equal to 
0.0025 times the cross-sectional area. Walls 8 in. or more in thickness 
shall have half the steel at each face of the wall. The bars shall not be 
farther apart in either direction than 18 in., regardless of whether the 
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steel is disposed in one or two layers, nor shall less than the equivalent of 
%%-in. round bars be so used. The vertical steel shall not be relied on to 
carry load unless tied and arranged as in reinforced-concrete columns. 

(e) All bearing walls shall be designed for any lateral pressure to 
which they are subjected. Eccentric loads and wind stresses shall be fully 
provided for. In such designs, the stresses for flexure as given in Sec. 306 
shall govern. 

(f) In non-fire-resistive buildings, exterior bearing walls may be of 
reinforced concrete, subject to the provisions of this section, when increased 
50 per cent in thickness over those referred to in (c). In such walls, the 
amount of reinforcement in each direction, horizontal and vertical, shall 
be at least 0.002 times the cross-sectional area. The steel shall be dis- 
tributed half to each face of the wall with a maximum bar spacing of 24 in. 

(g) In buildings of skeleton construction, panel or other walls sup- 
ported on the structural frame shall not be less than 5 in. thick, nor less 
than one-thirtieth (1/30) of the horizontal distance between columns, cross 
walls, or equivalent anchorage. Such walls shall be reinforced in the same 
manner as bearing walls in fireproof buildings, (see (d) above). 

(h) Stairway and elevator enclosures in all classes of buildings may 
be built of reinforced concrete, when the wall thicknesses are in accord- 
ance with the requirements of (c) and (g) and reinforcement in accordance 
with (d). 


MINIMUM WALL THICKNESS, IN INCHES, IN STORY INDICATED. 


No. of Base 
Stories ment Ist 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 


1 6 6 tics 

2 7 6 6 oe 

3 8 t/ ie 6 Ons 

4 8 8 7 7 6 oh 

5 9 8 8 ff 7 6 ae 

6 9 9 8 8 7 a 6 an 

7 10 9 9 8 8 7 i 6 hi 

8 10 10 9 9 8 8 7 7 6 

9 12 10 #10 9 9 8 8 7 7 6 

10 12 125 10.) 10 9 9 8 8 7 7 6 

ee ee oe 
CHAPTER 12. 
FOOTINGS. 


1201: Loads: 

(a) Footings resting directly on soil or on piles shall be propor- 
tioned as to area or number of piles on the basis of the total column load 
plus the weight of the footing itself. For computations of moments and 
shears, an upward reaction per unit area or per pile shall be based on the 


total column load (not including the weight of the footing itself) divided 
by the area or by the number of piles. 
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1202: Sloped or Stepped Footings: 

(a) Footings in which the thickness has been determined by the re- 
quirements for shear as specified in Sec. 808, may be sloped or stepped 
between the critical section and the edge of the footing, provided that the 
shear on no section outside the critical section exceeds the value specified, 
and provided further that the thickness of the footing above the reinforce- 
ment at the edge shall not be less than 6 in. for footings on soil, nor less 
than 12 in. for footings on piles. Sloped or stepped footings shall be cast 
as a unit. 


1203: Bending in Footings: 

(a) The critical section for bending in a concrete footing which sup- 
ports a concrete column or pedestal, shall be considered to be at the face 
of the column or pedestal. Where steel or cast-iron column bases are used, 
the moment in the footing shall be computed at the middle and at the edge 
of the base; the load shall be considered as uniformly distributed over the 
column or pedestal base. 

(b) The bending moment at the critical section in a square footing 
supporting a concentric square column, shall be computed from the load on 
the trapezoid bounded by one face of the column, the corresponding out- 
side edge of the footing, and the portions of the two diagonals. The load 
on the two corner triangles of this trapezoid shall be considered as applied 
at a distance from the face equal to six-tenths of the projection of the foot- 
ing from the face of the column. The load on the rectangular portion of * 
the trapezoid shall be considered as applied at its center of gravity. The 
bending moment is expressed by formula. (27). 


WwW 
Me (arte Vay oan hi hen ee hehe a en ee (27) 
2 


(c) For a round or octagonal column, the distance a shall be taken as 
equal to the side of a square of an area equal to the area enclosed within 
the perimeter of the column. 

1204: Shearing and Bond Stresses: See Sec. 808, also Sec. 901 to 904. 

1205: Transfer of Stress at Base of Column: 


(a) The compressive stress in longitudinal reinforcement at the base 
of a column shall be transferred to the pedestal or footing by dowels. 
There shall be at least one dowel for each column bar, and the total sec- 
tional area of the dowels shall not be less than the sectional area of the 
longitudinal reinforcement in the column. The dowels shall extend into 
the column and into the pedestal or footing not less than 30 diameters of 
the dowel bars for plain bars, or 24 diameters for deformed bars. 

(b) The permissible compressive unit stress on top of the pedestal 
or footing directly under the column shall be not greater than that deter- 
mined by formula (28). 


Ta —Pa ES SNemabeLovelsie tees ers ata s ial'e! eleriecetetetencissaahairsle es0¥ tr (28) 


V4’ 


828 REINFORCED-CONCRETE BUILDING REGULATIONS. 


(c) The value of p, shall not exceed 0.25 f’, for plain concrete. 
When lateral reinforcement in the form of spiral or hoops is provided, the 
value of p, for the area within the spiral may be increased (1 + 2.5np’) 
times that for plain concrete, but no area outside the outer face of the spiral 
shall be considered. Where piers are designed as columns, the value of p, 
shall he computed by the proper column design formula. 

(d) In no case shall the total load computed by formula (28) be 
taken as greater than the load computed, using a stress equal to p,, on the 
gross area of the pedestal, pier, or footing at a point below special rein- 
forcing provided at the top. 

(e) Where the loaded area is not. central on the top of the pedestal 
pier, or footing, the total area A shall not be taken as greater than the 
area of the largest circle that can be drawn about the load as a center and 
lying entirely within the top of the pedestal, pier, or footing. 

_(f) Where lateral reinforcement is provided to increase the value 
of p,, it shall extend to within 3 in. of the top of the pedestal, pier, or 
footing and to a depth equal to the diameter of the spiral, and the loaded 
area shall lie at the center of the spiral or hoops. The pitch of the spiral 
or the spacing of the hoops in the clear shall not be less than 2 in., nor 
more than 5 in. The designed pitch shall be maintained by at least four 
spacers securely fastened to each spiral turn or hoop. The ratio of lateral 

reinforcement shall not exceed 0.015. 
(g) In sloped or stepped footings, A may be taken as the area of the 
top horizontal surface of the footing or as the area of the lower base of 
the largest frustum of a pyramid or cone contained wholly within the fcot- 
ing and having for its upper base the loaded area A’, and having side 
slopes of 1 vertical to 2 horizontal. 


1206: Pedestals without Reinforcement: 

r ‘(a) The allowable. eompressive unit stress on the gross area of a con- 
centrically loaded pedestal or on the minimum area of a pedestal footing 
shall not exceed 0. 25f’,, unless reinforcement is provided and the member 
designed as a reinforced-concrete column. 

(b) The depth of a pedestal or pedestal footing shall not be greater 
than three times its least width and the projection on any side from the 
face of the supported member shall not be greater than one-half the depth. 
The depth of a pedestal whose sides are sloped or stepped shall not exceed 
three times the least width or diameter of the section midway between the 
top and bottom. A pedestal footing supported directly on piles shall have 
a mat of reinforcing bars having a cross-sectional area of not less than 
0.20 sq. in. per ft. in each direction, placed 3 in. above the top of the piles. 


DISscussSION—STANDARD BUILDING REGULATIONS.* 


F. R. McMiLian.—Our committee has been in session almost con- wr. McMillan. 
tinuously since Monday morning and we have covered a good many things 
and I have not had the opportunity to bring before you, by way of intro- 
duction, some things I had hoped to say at this time. My comments, there- 
fore, must deal largely with the subject-matter of the code as we have it 
before us, and with some amendments which the committee wishes to pre- 
sent at this time. 

The occasion for these amendments is simply this: A year ago we 
presented a tentative draft of a proposed building code which was modified 
only slightly from that presented in 1925. We were encouraged at that 
time by some preliminary conversation with the committee of the Concrete 
Reinforcing Steel Institute to believe that we might, in co-operation with 
it, arrive at a common code. It had before the public a code which had 
been approved by its members. 

On most of the essentials, this code and ours were in agreement. How- 
ever, on the method of approach or treatment they were not at all similar, 
and it seemed a worthy enterprise to see if the two committees could not 
formulate a code which met the essential requirements on all matters and 
as many of the non-essentials as could be agreed upon. 

As all of you know, many of the provisions that enter into documents 
of this kind are more or less the result of individual viewpoints. A dozen 
men try to prepare a building code or a specification. Each one sees every 
section, every item, from some outstanding experience in his career. He 
has some particular provision that he thinks should be used, and the 
final draft must be a compromise’on all of these non-essentials. It seemed 
to the members of both committees that the advantage of having one code 
upon which organizations of this kind could agree was worth a great deal 
in presenting a united front to building code committees faced with the 
task of revising the code in a given city. 

The code we are submitting tonight is our effort to achieve this end. 
It has meant a good deal of hard work on the part of both committees, 


* (Editor’s Note.—The stenographer’s transcript of the discussion of and 
action taken on the report of Committee E-1 fills 81 typewritten sheets. This 
consists very largely in a record of Mr. McMillan’s motions to amend the pro- 
posed code, the seconding of the motions from the floor, the call for discussion, 
putting the motion and the statement that each amendment was adopted without 
opposition. As there were forty-odd amendments, in most instances adopted as 
proposed by the committee action between preprint and convention, the Hditorial 
Committee regards it a waste of printed space to report this session in full. The 
preprinted report has, therefore, been revised to agree with all amendments 
adopted in convention and as so revised is preprinted in the foregoing pages. 
The record which follows includes such discussion as indicates opinions and view- 
points in opposition to those of the committee and information which might have 
a bearing in the future consideration of the tentative code as adopted.) 
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but we do not submit it as a perfect code. We are going to leave to some 
future generation the novelty of writing the first perfect building code. 
We recognize its limitations and its errors. It is so radically different in 
form, though not in essence, from the code which we presented last year 
to this.Institute, that we cannot offer it as a standard. It is offered as a 
revised tentative standard to be substituted for the one which has been 
before the committee during the past year. 

As you study through the two drafts you will find that a good many 
changes have been made, but you will also find, except in one or two mat- 
ters to which I will immediately call your attention, that on all essentials 
the two documents are the same. There are four points to which I will 
call your attention which are printed on page 2 of the introduction to this 
code. It is worth pausing to see what they are. (1) The discrimination 
in the 1927 report against the use of rail-steelsreinforcement has been 
removed, That discrimination, you will recali, had to do with limiting 
the use of rail steel to straight bars, or in the case of bent bars, to those 
of sizes less than % in.. (2) The unit tensile stresses in intermediate 
grade billet-steel reinforcing bars and in rail-steel reinforcing bars have 
been increased from 18,000 to 20,000 Ib. per sq. in., while the stress in all 
web reinforcement has been decreased to 16,000 Ib. per sq. in. (3) The 
method of specifying concrete has been changed in detail, though in its 
essence it remains the same, except that provision is made for the use of 
concrete with strength in excess of 3000 lb. per sq. in. where very rigid 
control is assured. (4) The maximum permissible shearing stress on con- 
crete beams has been reduced from 0.12 f’, to 0.09 f’, with the provision 
that beams or girders may be used with shearing stresses greater than 
0.09 f’. (but not greater than 0.12 f£’.) when such beams or girders are 
clearly indicated on the plans, and when the designer shall personally 
supervise the construction of such members. 

The amendments which we are proposing are made necessary by the 
size of the task which we have attempted. It has been no small task. We 
began early in the summer. We had many sessions, several of the full 
committee, many of small groups from each of the two committees. We 
have submitted this complete report to the full committee for letter ballot 
and comments. The replies have made necessary certain additions. These 
together with other little points that have come up in our meetings this 
week make it necessary to submit some amendments at this time. We 
regret that it was not done in time to have a clear copy, with all of our 
amendments incorporated, in your hands prior to the convention. 

Before I present the amendments, one at a time, I am going to ask 
Mr. Zabriskie, president of the Gabrielle Steel Co. and chairman of the 
Committee of the Concrete Reinforcing Steel Institute, to say a word. His 
committee has had an important part in this document. 

W. F. Zasriskre.—I can add very little to what Mr. McMillan has 
already told you. ‘The Concrete Reinforced Steel Institute is, as you know, 
a commercial organization. It is like other trade associations, organized 
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to promote the interests of its members. It was, however, recognized, soon 
after the Institute was founded, that it would be very desirable, if possible, 
to secure some uniformity among the various regulations. To that end 
the Committee on Engineering Practice formulated a code and published it. 
It was only shortly after that, I believe, that this tentative standard issued 
by Committee E-1 appeared. It appeared absurd to have two documents, 
both of which claimed to be authoritative and both of which were urged 
for adoption on various municipalities. 

Speaking for our Institute, I can say that we have seen from the 
beginning the desirability of trying to agree on a common standard with 
the American Concrete Institute, and we have had the utmost co-operation 
from Mr. McMillan and the most courteous treatment from both the chair- 
man and the members of your Committee E-1. Wherever our ideas differed 
from yours, we always received a courteous hearing in the consideration of 
the ideas, and whether the ideas were finally adopted or not, we know 
that they were given due consideration. We believe that the document as 
now presented is a great improvement on our code, and on both codes. I 
believe that if it is adopted, the reinforced-concrete industry, speaking 
broadly, will have accomplished a tremendous achievement, and one I would 
like to say I believe rests principally with your chairman, Mr. McMillan. 

F. R. McoMirran.—After these amendments, the committee is propos- 
ing, have been disposed of, the report will be under discussion, and, of 
course, it will be in order for any amendment to be submitted from the 
floor. It will, I think, expedite matters if we can have these amendments 
disposed of rapidly. Many of them will be merely minor editorial cor- 
rections over which there should be little or no discussion, although we will 
appreciate any discussion on any of the matters, and it is not our purpose 
to rush anything through. 

We have a few changes in definitions. It is the hardest thing in the 
world to get twenty-five men to agree on a definition of anything, and we 
have been obliged to make some changes because new slants have been 
brought up and the modified definitions are an improvement and in many 
cases a vital necessity to a proper interpretation of the code. 


< 


F. R. MoMititan.—tThe first major amendment which we have to offer 
is under the first chapter, and the amendment is to add section 103, para- 
graph (a), special systems of reinforced concrete. “The sponsors of any 
system of reinforced concrete which has been in successful use and the 
design of which is either in conflict with these provisions or not covered 
by them,” etc. 

JosrepH H. Cuuss.—You specify successful use. You could not intro- 
duce any new system if you had that provision in it. 

Mr. MircHeLy.—I might suggest successful use or test, because if it 
is tested out I see no reason why it should be required to be in successful 
use. I offer that as an amendment. (Seconded and adopted.) 


Mr. McMillan. 


Mr. McMillan. 


Mr. Chubb. 


Mr. Mitchell. 


Mr. McMillan. 


Mr. Rae. 


Mr. McMillan. 
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F. R. McMiLitan.—I will take a little liberty with the reading of the 
amendment. The amended motion will now read “The sponsors of any 
system of reinforced concrete which has been in suecessful use or the 
adequacy of which has been shown by tests and the design of which is 
either in conflict with these provisions,” ete. (The amendment was unani- 
mously adopted.) 


James C. Rar.—I would like to get back a step to where we men- 
tioned structural steel, composite or combination columns. The Committee 
carefully defined a composite column, but very much ignored a combination 
column. Is not a combination column worthy of a definition? 

F, R, McMirnan.—tThere is no definition of it. Article 1107 covers 
combination columns. Perhaps a motion to request the committee to sup- 
ply a definition of combination columns would cover your point. 

James C. Ran.—l make that motion. 

Mr. Mircuert.—May I suggest, too, that in the specification for 
stresses for composite columns, the word combination be omitted, because 
it provides only for composite columns, and not for combination columns? 
A separate line should be added for combination columns. 

CHAIRMAN LinpAu.—We want now a definition for a combination 
column. (The motion was seconded and unanimously adopted.) 


F.R. McMirnran.—The next amendment is on section 506. In para- 
graph (b), the first sentence is amended. There is no change in intent, 
it is merely in the manner of expression; “In fire-resistive construction, 
metal reinforcement shall be protected by not less than 1 in. of concrete 
in slabs and walls and not less than 1% in. in beams, girders and columns, 
provided coarse aggregate which is free from disruptive action under high 
temperature, as for example limestone or traprock, is used. When imprac- 
ticable to obtain aggregate of this grade, the protective covering shall be 
7% in, thicker and shall be reinforced with metal mesh having openings 
not exceeding 3 in., placed 1 in. from the finished surface,” ete. 

W. K. Harr.—l wonder if that provision just read is definite enough 
to incorporate in a building code, and to be interpreted by the commis- 
sioner of buildings? I think this paragraph should be referred back to 
the committee for consideration. 

S. H. Inepere.—l believe that course would possibly be the best in 
this case. I do not believe the material you have in here really covers 
the ground. I suggest that this paragraph be given further consideration. 

(The amendment as proposed by the Committee was then adopted.) 

CuaiRMAN Linpsu.—Dr. Hatt, do you make a separate motion that 
this matter be referred back to the committee for further consideration? 

W. K. Harr.—yYes sir. 

The motion of Professor Hatt was unanimously adopted. 
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CuairMAN Linpau.—Is there any discussion now, gentlemen? You 
can talk on the whole report, if you like. 

C. E, Looxe.—I would like to bring up the specification 1109 (a) 
monolithic walls. It refers to a thickness of at least one twenty-fifth of 
the unsupported height. I was going to suggest that we say height or 
width. 

F. R. McMittan.—A thickness of at least one twenty-fifth of the un- 
supported height or width? 

C. E. Locke.—Yes. (Motion seconded and carried.) 


Ff. E. Ricwarr.—On pages 35, 36, 37 and 38 the expression “safe load” 
on columns appears. In a building code it would be better to say permis- 
sible load. 

The motion was adopted. 


H. E. Hueurs.—I move the formal adoption of the report of the 
committee as amended and read by the chairman at this time, as a tenta- 
tive report. 

The motion was seconded by Mr. Rae and unanimously adopted. 
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StanpDarD Buitpine UNITS. 
Report of Committee P-1. 


Activities of your committee on Standard Concrete Building Units 
during 1927 show favorable progress on six major objectives. A series of 
preliminary tests was made for investigating the effects of various methods 
of tamping and feeding employed in the manufacture of dry tamped con- 
crete masonry units. Acknowledgment is made to Messrs. Martin and 
George Hammerschmidt of the Elmhurst-Chicago Stone Company for fur- 
nishing the necessary materials and for the use of their plant in which the 
specimens were made. ; 

The program of tests includes two gradings of aggregates, two con- 
sistencies, four methods of feeding concrete into the mold and four varia- 
tions in numbers of tamps, aggregating twelve variables combined to give 
56 different conditions. The discussion of tests is a part of this report 
and appears as Appendix I. 

The committee has voted to continue the specifications for concrete 
brick as tentative standard for another year. We hope that some means 
of co-operation can be established with the American Society for Testing 
Materials Committee on concrete brick. Their specifications differ from 
ours, but the differences do not seem to be irreconcilable. Several of our 
committee members have submitted pertinent information on this subject. 
It has been proposed to appoint a sub-committee on concrete brick. 

The committee has voted to omit the heavy load-bearing classification 
from the Standard Specifications for Concrete Block and Building Tile and 
also revise the requirement for non-load-bearing block and tile as follows: 


\ 


TENTATIVE AMENDMENT OF STANDARD SPECIFICATIONS FOR 
CoNCRETE BLOCK AND CoNCRETE BUILDING TILE. 
P-1A-26T. 


PRESENT SPECIFICATIONS. 
I. GENERAL. 


3. According to the strength in compression 28 days after being man- 
ufactured or when shipped, concrete block and concrete tile shall be classi- 
fied as heavy load bearing, load bearing, and non-load bearing on the basis 
of the following requirements: 


ee a ee eee 
COMPRESSIVE STRENGTH, LB. 
PER SQ. IN. OF GROSS CROSS- 
SECTIONAL AREA AS LAID IN 


THE WALL 
Average of3or Minimum for indi- 
Name of Classification more units vidual units 
Heavy load-bearing block or tile ....... 1,200 1,000 
Medium load-bearing block or tile ...... 700 600 
Non-load-bearing block or tile ......... 250 200 
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REVISED SPECIFICATIONS. 


3. ‘The average compressive strength of 3 or more concrete block or 
concrete building tile in Ib. per sq. in. of gross cross-sectional area as laid 
in the wall shall not be less than 700 Ib., no one unit falling below 600 Ib. 
28 days after being manufactured or when shipped. | 

Where ever concrete block or building tile are used to carry unusual 
heavy loads, the average compressive strength of 3 or more of these units 
28 days after being manufactured or when shipped in lb. per sq. in. of gross 
cross-sectional area as laid in the wall shall be at least 10 times the figured 
superimposed load to be applied. 

Non-load-bearing concrete block and concrete tile shall have sufficient 
strength necessary to prevent excessive breakage during delivery and 
handling. 

As the standing committee on standard sizes of concrete masonry units 
of the Division of Simplified Practice, U. S. Department of Commerce, we 
have tabulated the results of a national survey of the concrete products 
industry conducted during 1927 by the Portland Cement Association to 
show the number of different sizes of block and tile now being produced. 
The survey includes reports from 4,198 manufacturers which show that 
there are 59 different sizes of concrete building units now on the market. 
This is a marked reduction over the number of sizes in use when work on 
standardization began. Although the per cent production of each size 
has not been accurately recorded, it can be said that progress toward 
standardization of sizes for concrete masonry units is decidedly favorable. 
Standard sizes of concrete block and building tile are given below: 


Block 
Width, Height, Length 
6x7%x15% 
8x7%x15% 
10x7% x15% 


WD PCO OVOTON 
KKH MM OM 
ft ee 
to 
4 
= 
wb 


12x7% x15 2x12 

= i 2x12 

Tolerance: 12x12 
—-4%4—¥y— 10x12x12 


12)x 12'x 12 : 
38 per cent permissible variation 


We would recommend to the Division of Simplified Practice, U. S. 
Department of Commerce, that no changes be made in their standard sizes 
for these units during the ensuing year. 

Your committee recommends that Tentative Specifications for Concrete 
Manhole and Catch Basin Block (P-1C-27T) be continued as tentative.* 

J. F. WINKLER, 
Secretary. 


* The convention adopted an amended title for the specification : “Tentative 
Specifications for Conerete Sewer Manhole and Catch Basin Block.’ 


APPENDIX, REPORT COMMITTEE P-1, 1928. 


METHODS OF TAMPING AND FEEDING IN MANUFACTURE OF DRY 


TAMPED CONCRETE Masonry UNITS. 
Investigation conducted by Committee P-1. 


INTRODUCTION. 


This report covers a preliminary investigation of methods of tamping 
and feeding employed in the manufacture of dry tamped concrete masonry 
units. Concrete block were selected for these tests as the most repre- 
sentative of tamped concrete units. The tests were conducted under the 
auspices of this committee, outlined by C. L. Bourne, chairman, and super- 
intended by J. F. Winkler, secretary. Acknowledgment is made to Messrs. 
Martin and George Hammerschmidt for furnishing the necessary materials 
used in the manufacture of the block and for use of the Elmhurst-Chicago 
Stone Company block plant where specimens were made. The specimens 
were tested at the research laboratory of the Portland Cement Association. 


OUTLINE OF TESTS. 


The test program as outlined in Table I includes two gradings of 
aggregates, two consistencies, four methods of feeding concrete into the 
mold and four numbers of tamps, aggregating twelve variables combined 
to give 56 different conditions. 

Grading of Aggregates——Group I.—Pea gravel was combined with tor- 
pedo sand giving a combined aggregate with fineness modulus of 4.23. 

Group II.—Torpedo sand (F.M. 3.23) was used. This sand is coarser 
than ordinarily used in the manufacture of concrete masonry units. 

Consistency.—In these tests the concrete of dry consistency contained 
sufficient water to produce blocks with slight web markings. The concrete 
of wet consistency produced blocks with very pronounced, running web 
marks. 

Method of Feeding.—Concrete was fed into the mold in one, two, three 
and four layers, the last approximating a continuous feed. 

Number of Tamps.—The number of total tamps included 6, 12, 18 and 
24 strokes of each of four full tamping feet working alternately. 


MANUFACTURE OF BLOCK. 


The specimens were made at ¢he Elmhurst-Chicago Stone Company 
block plant under regular operating conditions. The only change in plant 
personnel was the engineer who proportioned the batches and ran the 
mixer. Portland cement taken from the same carload at the plant was 
used. 

Sand used in Group I was obtained from the storage bin at the plant. 
The gravel for this group and the sand used in Group II were purchased 
from a local dealer. All aggregates were of good quality. The sand 
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(F.M. 3.74) and gravel (F.M. 5.55) used in Group I were combined in the 
proportion of 73 per cent and 27 per cent by volume, respectively, giving 
a combined aggregate with fineness modulus of 4.23. 

A mix of 1 cu. ft. of cement to 7.35 cu. ft. of dry rodded aggregate 
was used. Three days before making the specimens a preliminary sieve 
analysis was made to determine the quantities of materials required for a 
1:7 mix. Analysis made during the manufacture of the block showed the 
mix to be 1: 7.35. 

One-bag batches were made in all cases and the aggregates for each 
batch were measured in a damp and loose condition in a l-cu.-ft. box. In 


FIG. 3.-THE TEXTURES OF “WET’ AND “DRY” CONCRETE BLOCK SPECIMENS 
WITH FINE AND COARSE AGGREGATES. 


197 coarse aggregate, “wet” mix; 117 coarse aggregate, “dry” mix; 
109 fine aggregate, “wet”? mix; 9 fine aggregate, “dry”? mix. 


Group I, 6.75 cu. ft. of sand (F.M. 3.74) and 2.33 cu. ft. of gravel (F.M. 
5.55) were used in each batch and in Group II, 9 cu. ft. of sand (F.M. 
3.23). (See Appendix A for computations to determine the field mix.) 
Wet and dry consistencies were used in Groups I and II. The consis- 
tency of the trial batch for each condition was judged by three regular 
plant operators and the engineers in charge. The water required for each 
batch was weighed on a 50-lb. spring scale and the same quantity used for 
each condition. For the dry consistency in Group I, 27 lb. of water was 
added and 40 Ib. for the wet consistency. In Group I, 31 Ib. and 52 Ib. 


were added. 
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The concrete for each batch was mixed dry 14% min. and 3 min. after 
adding the water in an 11 cu. ft. bottom discharge batch mixer. A pusher 


FIG. 1.—VERTICAL STRIPPER TAMPING MACHINE AND MIXER FOR ADJACENT 


MACHINE IN BACKGROUND, 
Test specimens are on rack in the foreground 
type of chain conveyor carried the concrete from the mixer hopper to the 
overhead hopper of the tamping machine except when the concrete was 
fed into the mold in four layers by shoveling from the floor. 


The con- 
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crete was fed into the mold in one, two, three or four layers according to 
the requirements of the tests. The block machine was a standard vertical 
stripper with four full-width mechanical tamping feet, making one stand- 
ard 8x8x16 block with three oval cores. Each tamper weighed 66% Ib. 
and dropped 11 in., measuring from the top of the mold to the underside 
of the foot in a raised position. The machine was run by the regular 
operator who deviated from ordinary practice only for introducing the 
variables in the manufacturer’s process. 

The average size of 15 blocks was 8x7%4x15% in. giving a gross 
area of 126 sq. in. and net area of 78.9 sq. in. 

The total number of tamps on each specimen were equally divided on 
each layer as nearly as possible. The total number of tamps on each 


¥IG. 2.—PILING TEST BLOCK IN THE STORAGE YARD IMMEDIATELY AFTER 
STEAM TREATMENT. 


specimen was 6, 12, 18 or 24 strokes of each of four full tamping feet 
working alternately. The blocks were placed on racks and carried to the 
steam rooms by lift trucks. They were subjected to steam treatment at 
100 deg. for 21 hours, then piled eight high in the outside storage yard 
and after 16 days removed to the laboratory. 


TESTING. 

Blocks were tested for compressive strength and absorption according 
to the methods prescribed in the American Concrete Institute Standard 
Specifications for Concrete Building Block and Tile. Blocks in Group IT 
were not tested for absorption. In making the absorption tests of the 
blocks in Group I they were dried to constant weight after immersion. 
Blocks used for the absorption tests were also used for the compression 
test. Absorption tests were made at 21 days. The compression tests were 
made at 29 days. 

Four specimens were made for each of the 56 conditions. The first 
block made was discarded and the other three used in this investigation. 
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DISCUSSION OF RESULTS OF THIS INVESTIGATION UNDER THE 
CONDITIONS oF TEST. 


The conclusions on the effects of different methods of tamping arrived 
at from these test results may simply be called tendencies, for thé actual 
difference in strengths is not sufficient to warrant clear-cut definite deduc- 
tions. Results are given in Tables 2 to 6 and in Fig. 1. 


FIG. 4.—CENTERING A SPECIMEN BLOCK IN THE 300,000-LB. RIEHLE TESTING 
MACHINE. 
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(1) In general, specimens made by feeding concrete in one or two 
layers had approximately the same strength. Those fed in three or four 
layers also gave about equal strengths. 

(2) In the cases of one- or two-layer feeds an increased number of 
tamps generally resulted in comparatively little increase in strength, while 
in those of three- or four-layer feeds noticeable increases resulted. 

(3) With coarse aggregate, concrete of wet consistency gave higher 
strength than dry concrete. 

(4) With fine aggregate, concrete of wet consistency gave lower 
strength than dry concrete. 


FIG. 6.—TYPICAL FAILURES OF SPECIMENS SHOWING CONICAL SHEAR. 


In 1924, Committee P-6 conducted an extensive series of tests, results 
of which showed “that in general the fundamental laws governing the 
properties of plastic concrete mixtures may be applied to the drier mix- 
tures used in the commercial manufacture’ of concrete products.” One of 
the principal factors controlling the quality of concrete is the ratio of 
water to cement. “For tamped machine-made products the highest strength 
is obtained when the amount of mixing water used is increased to a quan- 
tity sufficient to provide a workable mix.” 

From the results of these tests it appears that more water than is 
necessary for maximum strength can be used with a fine aggregate in 
producing block which will not slump when stripped from the mold. 

(5) For the block made with coarse aggregate the highest strengths 
were obtained in the wet consistency when the concrete was fed into the 
mold in three layers. In the dry consistency the highest strengths were 
obtained by feeding the concrete into the mold in two layers. For the 
block made with sand only as aggregate the highest strengths were ob- 
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tained when the concrete was fed in three layers. In the latter case this 
was true for both wet and dry consistencies (see Fig. 2). 

(6) Under similar conditions coarse aggregate produced conerete 
units of higher strength than fine aggregate. 

(7) The block made from concrete of wet consistency had an absorp- 
tion about 2 per cent lower than those from dry concrete. 

(8) In general 18 tamps produced the strongest block. For 18 tamps 
and all conditions the strengths ranged from 676 to 1,290 Ib. per sq. in.; 
for 12 tamps the range was from 599 to 1,227 lb., and for 6 tamps the 


TasiLe 1.—Ovr.ine or Tests 


Effects of different methods of tamping and feeding employed in the manufacture of dry tamped concrete 
masonry units. 
ompression and absorption tests of 3 oval core block 8 x 8 x 16. 
Mix: 1:7.35 by volume of dry-rodded aggregate. 
Time of Mixing 1)4 min. dry, 3 min. wet. ’ : ; : 
Blocks made on a standard vertical stripper single block machine with four alternating tamping feet by 
the regular plant operator. Nineteen blocks per sack of cement. 
uring: 21 hours in steam at 100° F. Sixteen days outside storage‘and 12 days room storage. 
Age at test: 29 days for compression, 21 days for absorption. 
Four specimens made for each condition. 


Feedi ber of 
Group and Fineness Modulus Consistency Mee ae ee 

1 layer 6, 12, 18, 24 

Group Tear ta eee eee Dry 3 ie 6, 12, 18 
Fineness Modulus 4.23............ Wet : a n ah ns oF 
1 layer 6, 12, 18, 24 

Group Tie ose ree { Dry PA 6, 12, 18 
Fineness Modulus 3.23............ Wet : . é - ae 


* No absorption tests. 


TaBLE 2.—Sirve ANALYSES OF AGGREGATES 


Per Cent Coarser than Each Sieve—by Volume 
Ref. : Fineness 
No. Kind of Aggregate Modulus 
No.100} No.48] No.28] No.14] No. 8| No. 4 3 in. 
1 Fine Torpedo Sand................ 98.4 | 90.3 | 66.2 | 45.0 | 20.0 3.0 0.0 3.23 
2 Coarse Torpedo Sand.............. 98.0 | 91.1 | 73.2 | 55.2 | 38.4] 18.0] 0.0 3.74 
3 Roofing, Gravelia= nner ea 100.0 | 99.4 | 99.0 | 97.8 | 92.3 | 66.1 0.0 5.55 
4* | 73% of Sand No. 2 combined with 
2196 Of Nos 8 stoaarene e eey 98.5 | 93.4 | 80.2 | 66.7 | 53.1 | 30.9 0.0 4.23 


F.M. (coarse) —F.M. (combined) 
FM. (coarse) —F.M. (fine) 
range was 555 to 1,111 Ib. The results of these tests show smaller differ 
ences in strengths for the different conditions than was anticipated. 
Evidently the strength of concrete block made under similar condi- 
tions depends largely on the density of the concrete. It is probable that 
the impact delivered by the tampers of the machine used was sufficient to 
produce block under the conditions of test of close to maximum possible 
density, or that the blows were so light that the maximum possible density 
could not be reached by continual tamping. 
The committee intends further investigations of the effects of varia- 
tions in the amount of impact by changing the weight of the tampers, the 
length of stroke or sequence of blows. 


* Ratio of fine to coarse = 
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TaBLE 3.—DATA FoR CALCULATING THE Firtp Mrx 


Computations for converting the real mix by dry rodded volume to the field mix by damp-loose volume 
were made from data taken during the proportioning of batches for test specimens. Unit weights determined 
as prescribed by A.S.T.M. Moisture content per cent by weight of dry aggregate. 


| No. of cu. ft. 


Weight of : Unit Weight, Weight of 
Ref. Sample Moisture, ; Ib. per cu. ft. Dry Aggre- | Damp Loose 
No. per cent | Shrinkage, gate in to Give Bulking, 
of by Weight | per cent 1 cu. ft., lcu. ft. | per cent 
Agg.| Wet Dry Dry Damp | Damp Loose } Dry Rodded 
Rodded | Loose 
1 9.50 9.70 3.28 epee 112.5 95.0 92.0 1.225 22.5 
2 9.75 9.30 4.84 we 112.0 97.5 93.0 1.205 20.5 
3 9.83 9.55 3.04 Se 108.0 98.4 95.5 1.130 13.0 
4 ale ws ante 96.0 116.0 Pat te MC Ee S505 


TaBLe 4.—CompRESSION Tests oF BLock IN Group I 


Compression tests of 3 oval core block 8 x 734 x 1534 in. 
Mix: 1:7.35 dry rodded volume. 
Aggregate: 73% torpedo sand, 27% pea gravel. 

Consistency: Dry 7.7 gal. per sack, wet 9.3 gal. per sack. 
Time of mixing: 14 min. dry, 3 min. wet. 
Curing: 21 hours in steam at 100° F., 16 days outside storage, 12 days room storage. 


Age at test, 29 days. 


Blocks made by regular plant operator on a standard vertical stripper single block machine with 4 alter- 


nating tamping feet. 


Method of Feeding 
dlayer® so. fee one | 

Av. 
PAC « Ropaeeoee | 

Av 
Silayersoxaecneni 

Av. 
4 ayerseic ccs <> 

Ay. 


Grand Average. . 


Compressive Strength, lb. per sq. in. 


Dry 


Wet 


Number of Tamps 


Number of Tamps 


Grand Grand 
12 618 CE 6 G2) ets NOE ee 
905 | 833 | 759 | 896 952 | 1035 | 1122 | 1032 
676 | 714 | 835 | 925 860 | 860] 860 927 
698 | 760 | 770] 865 1013 | 1098 | 1001 | 870 
760 | 769 | 798 | 895i] 772 | Av. 941 | 998] 994] 9434] 978 
1058 | 976 | 1124 1120 | 1070 | 1184 | .. ¥ 
998 | 989 | 1202 997 | 963 | 1180 
Pas ieee [a1 250 Ss || SEGRE 
1021 | 1218 | 923 928 | 999 | 1263 
1026 | 1061 | 1127 1071 | Av. 1015 | 1011 | 1190 1072 
842 | 1130 | 953 1131 | 1254 | 1196 
843 | 1092 | 742* 1060 | 1201 | 1328 
970 | 966] .... 1143 | 1217 | 1138 
706*| 957 = |) = | = 
gies eae Ay. 1111 | 1227 | 1221 1183 
895 | 1063 | 955 971 
747 | 727 | 968 | 1070 1062 | 1170 | 1235 | 1171 
626 | 744 | 837 | 1118 1000 | 1222 ; 1336 | 1460 
7901. | weed reel | eae 1073 | 1270 | 1298 | 1288 
2 | 751 | 1012 | 1011 SSS) =| = | = 
us Ay. 1052 | 1221 | 1290 | 1360¢| 1188 
691 | 741 | 939 | 1066+] 780 
343 | 909 | 952 | 980 1030 | 1112 | 1174 } 1125 


Riga pee oe ee ee 


* Defective specimen omitted from average. 


+ Not included in Grand Average for 


1 layer and 4 layers. 
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TABLE 5.—Compression Trsts or Biock In Group II 


Compression tests of 3 oval core block 8 x 734 x 1534 in. 

Mix: 1:7.35 dry rodded volume. 

Aggregate: Torpedo sand, F. M.., 3.23. 

Consistency: Dry 7 gal. per sack, wet 9.5 gal. per sack. 

Time of mixing: 144 min. dry, 3 min. wet. 

Curing: 21 hours ia steam at 100° F., 16 days outside storage, 12 days room storage. 

Age at test, 29 days. \ ; ? ’ : 

Blocks made by regular plant operator on standard vertical stripper single block machine with 4 alter- 
nating tamping feet. 


Compressive Strength, Ib. per sq. in. 
Dry f Wet 
Methodoi Feeding 
Number of Tamps e Number of Tamps 
Grand Grand 
6 12 18 24 Average 6 12 18 24 Average 
793 709 728 887 627 520 780 600 
Player vic. ween 643 788 856 ae 544 677 647 569 
675 785 632*) 690 503 482*| 721 498* 
Av. 704 761 792 812 752 Av. 555 599 716 585+ 623 
744 743 757 700 611 650 
ailayers.... 2. 406 694 720 927 565 613 696 
: 681 704 587 589 690 
Ay. 719 715 796 aaa 743 Av. 617 604 679 see 633 
775 854 779 570 730 712 
Slayers sas: 747 | 956 | 972 648 | 724] 818 
688 820 852 576 770 785 
Av. 735 877 868 58 827 Av. 598 741 772 ate 704 
647 908 950 933 642 708 652 728 
M layers nae eae 793 808 | 1035 829 651 716 689 729 
812 752 999 863 650 606 687 702 
Av. 751 823 995 875t 856 Av. 648 677 676 720+ 667 
Grand Average. ; 727 | 7941 863 844 605 | 655 71 653 


* Defective specimen omitted from average. 
+ Not included in Grand Average for 1 layer and 4 layers. 
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TasBLe 6.—ABSORPTION TESTS OF BLOCK IN GRouP I 
Blocks Used for Compression Test 


Absorption, per cent by weight of dry block 
Dry Wet 
Method of Feeding 
Number of Tamps Number of Tamps 
Grand Grand 
6 12 18 24 Average 6 12 18 24 Average 
8.5 8.8 9.2 8.3 7.4 4.9 6.3 5.7 
Welayer cides 8.9 8.4 9.5 8.0 5.6 6.5 7.3 7.0 
8.4 8.1 8.0 9.3 6.2 5.6 6.4 Ta 
Av. 8.6 8.4 8.9 8.5* 8.6 Av. 6.4 5.7 6.7 6.6* 6.3 
8.1 7.3 7.8 Gal 7.0 7.9 
Po. «eee 8.5 7.2 6.4 7.5 7.2 6.7 
7.6 7.1 Thal 6.0 7.2 6.2 
Aye 8.1 7.2 7.3 7.5 Av. 6.9 ied 6.9 7.0 
8.0 7.4 8.1 6.6 Ven rea 
BAY ERS wis .is chose 7.2 7.2 Wee. vim 6.0 6.6 
8.3 8.2 8.3 7.0 6.9 6.6 
Av. 7.8 7.6 8.0 7.8 Av. 7.0 6.7 6.8 eae 6.8 
9.3 7.0 5.4 die 6.1 6.5 6.2 6.5 
QaVerg, devel visi 9.4 8.6 6.0 5.2 5.7 5.6 6.6 6.1 
9.0 7.8 7.4 6.4 6.6 6.2 5.3 5.5 
Av. 9.2 7.8 6.3 6.3" 7.8 Av. 6.1 6.1 6.0 | 5.4* 6.1 
Grand Average. . bee eal seers S73} 6.6 | 6.4] 6.6 aoe 


eee ge ee eee ee eae 2 ee ee 
* Omitted from Grand Average for 1 layer and 4 layers. 
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GRAPH SHOWING RELATION BETWEEN COMPRESSIVE.5TRENGTH 
AND NUMBER OF TAMPS FOR FOUR DIFFERENT METHODS OF 
FEEDING CONCRETE 


o Represents Dry concrete NOTE: Figures on lines.indicate 
x " Wet concrete number of layers of feed. 
Figure | GROUP I 
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APPENDIX A. 


CALCULATING THE FIELD MIx. 


Group I.—Calculations on sample aggregate analyzed before blocks 
were made are as follows: 


1: 7 mix by dry rodded volume 


7 

1: — to account for shrinkage of 90 per cent 
2 

1: 7.8 result 


1: 7.8x0.73—7.8x.27 73 per cent fine aggregate and 27 per cent 
coarse aggregate 


1: 5.7 —2.1 result 
1: 5.7x 1.18—2.1x1.11 to account for bulking 


1: 6.75 — 2.33 field mix actually used 
With a change in the aggregates the following computations give the 
actual real mix used. See Table 3. 


1: 6.75 — 2.33 
6.75 — 2.33 
1: —————— to account for bulking 
1.205 1.13 
1: 5.58 — 2.06 result 
5.58 — 2.06 
1:——- —— 73 per cent fine aggregate and 27 per cent coarse 
13 27 aggregate 


1: 7.65 result 

1: 7.65 x 0.96 to account for shrinkage of 96 per cent 

1: 7.35 mix by dry rodded volume 

Group II.—The per cent bulking for the sand used in making the speci- 
mens in Group II was 22.5 per cent. Using the same dry rodded mix as in 


Group 1 the resulting field mix was 1: 7.35 x 1.225 =1: 9. 
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APPENDIX B. 


WATER-CEMENT RATIO CALCULATIONS. 


Group I—Real mix 1: 7.35; field mix 1: 6.75 — 2.33; weight of dry 
aggregate in 1 cu. ft. damp and loose times per cent moisture = weight of 


water in 1 cu. ft. damp loose. 


Aggregate No. 2—93.0 x .0484 — 4.5 x 6.75 — 30.38 
Aggregate No. 3—95.5 x .0304 —2.9x2.33— 6.76 
37.14 
Water added for dry consistency = 27.00 
64.14 Ib. 
64.14 — 8.33 — 7.70 gal. per sack of cement 
37.14 
Water added for wet consistency = 40.00 


“4 


77.14 
77.14 + 8.33 — 9.8 gal. per sack of cement 
Group II.—Real mix 1: 7.35; field mix 1: 9. 
Aggregate No. 1—92.0 x .0328—3.02x9 — 27.18 
Water added for dry consistency == 31.00 


———a 


58.18 
58.18 — 8.33 = 7.00 gal. per sack of cement 
27.18 
Water added for wet consistency = 52.00 


79.18 
79.18 + 8.33—= 9.5 gal. per sack of cement 


Absorption of aggregate is neglected because samples were sun-dried. 
Samples were spread on sheet metal and exposed to sun light until dry 
enough for the sieve analysis. 
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Discuss1oN—STANDARD BurupIna Untrts. 


C. L. BourNE.—In one or two cases the preprint stated that the com- 
mittee had not approved of several of the sections. That was before all 
the votes were in, and at present time the report has been approved by the 
committee with the exception of the paragraph dealing with the specifica- 
tions on concrete brick. There are two fairly important things in this 
report, the possible advancement from tentative standards to standard of 
the specifications on concrete brick and the specifications on concrete man- 
hole and sewer block. Therefore, in presenting the report for the approval 
of the convention, I suggest that the report be considered in three sections, 
that is, that all of the report be considered except the two specifications 
mentioned, and that these two specifications be considered separately. If 
it is not out of order for me to do so, I would like to move that the report 
of Committee P-1 be accepted with the exception of the specifications on 
concrete brick and with the exception of the sections on concrete manholes 
and catch basin block. 

Motion seconded and unanimously adopted.* 

The committee reported against the advancement at the present time 
of the specifications for concrete brick from a tentative to a standard 
specification. The principal reason for holding up this particular specifi- 
cation longer was due to a discussion by Mr. Chapman in which he called 
attention to the fact that there are two organizations, both of them making 
specifications for concrete brick, that they differ in some respects, but that 
the differences are not irreconcilable. He suggested that the committee of 
the American Concrete Institute get together with the committee of the 
American Society for Testing Materials and see whether or not the speci- 
fications cannot be made more uniform. 

C. M. Cuapman.—From my talk on the subject with those most inter- 
ested, I do not think there is any difference of opinion, and therefore no 
necessity for taking up the time of the meeting to convince people who are 
already convinced. If there is any comment to the contrary, then I would 
be glad to talk a little while or a long time on that subject. 

C. L. Bourne.—On account of this situation, I move that the tentative 
standard specification for concrete brick be continued for another year as 
a tentative specification. Motion seconded. 

S. H. Ineserc.—In connection with the attempt to unify the specifica- 
tions, I might call attention to a forthcoming specification by the Federal 

* The effect of the convention action is to make a_ revision in the Institute’s 


“Tentative Specifications for Concrete Block and Concrete Building Tile’— 
P1-A-26T, which therefore remains tentative as serial P1-A-28T. 
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Mr. Bourne. 


Mr. Chapman. 


Mr. Bourne. 


Mr. Ingberg. 
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Specifications Board on Concrete Brick. It was under consideration a few 
years ago, but was laid aside and taken up again only a few weeks ago. 
This session is not devoted to a discussion of the detailed requirements for 
concrete brick, so I will not go into that part of it, but I will only call 
attention to the differences between the proposed federal specification and 
the specification of this Institute. : 

When we began work on specifications for brick 4 or 5 years ago in 
the Federal Specifications Board, we were met by the demand from the 
representatives of the government departments, that whatever requirements 
were made for brick, they must be made such that the acceptance can be 
made with the greatest possible convenience and expedition. They did not 
wish to be tied up to a procedure that might delay important work, and 
federal officers are often not in a position to waive the requirements. The 
first proposition was to base everything on absorption. This has been used 
as a rough measure of the properties of clay brick, but in the case of sand- 
lime brick and concrete brick, that test is obviously not adequate. The 
other test that appeared possible to make was the transverse breaking test. 
This test is more simple than the compression test and it can be adapted 
for field and plant inspection, hence the specifications for clay brick and 
sand-lime brick came through with an absorption requirement for the 
respective classes of brick. We appreciated, in the case of clay brick, that 
the relation between the transverse strength of brick and the eompressive 
strength is not well defined, and that possibly the strength of the masonry 
is somewhat better defined by the compressive strength of individual bricks 
than by the transverse strength. We believed, however, considering that 
the transverse strength of brick does have some relation to the strength of 
the masonry, that for the purpose of the specifications the transverse test 
taken in conjunction with an absorption test will grade the bricks into 
the three or four classes with a fair degree of adequacy. Of course, in the 
case of sand-lime brick, the relation between the compressive strength and 
the transverse strength is better defined than for clay brick, so that for 
this type of brick the specifications are on a little better basis than for 
clay brick. For concrete brick also, we found by examining what data 
there is, that the relation between the compressive strength flatwise and 
the transverse strength is fairly well defined, hence, even if we consider 
the compressive strength of the units to be the stress criterion of the 
measure of the strength of the masonry, the transverse strength measures 
the compressive strength proportionately to such extent that it gives prac- 
tically a near equivalent. 

We also have in the proposed concrete brick specifications a maximum 
absorption requirement. We found that the relation between strength and 
absorption for concrete brick is very poorly defined, as it depends on the 
grading of the aggregates as well as on the mix, so that we simply placed 
a maximum absorption limit for each class, basing the classification mainly 
on the transverse strength. I hope this will make clear that the provisions 
of the given specifications are what they are, not because of a desire to do 
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something different, but because this particular procedure suited the con- 
ditions for which the specifications were formulated. 

The motion was unanimously adopted. 

C. L. Bournr.—The committee recommends that the standard specifi- 
cation for concrete manhole and catch basin block be advanced from ten- 
tative specification to standard specification, but before putting a motion 
to that effect, I would like to see if there is any discussion from the floor. 

V. D. M. AttAN—In view of Mr. Christensen’s remarks and consider- 
able information that has come to light since the committee took action 
and voted favorably on advancing the tentative specifications of manhole 
block, it seems to me that we should in the title of the specifications limit 
the material to exactly the use that I believe was intended when the 
specification was first originated. As the title now reads, I believe it is 
tentative specifications for concrete manhole and catch basin block, and 
that would cover the use of manholes and catch basin block in all kinds 
of construction. I believe that in the beginning it was intended that the 
specification should cover manholes and catch basin block in sewer con- 
struction. There are a number of uses of manhole block in other than 
sewer construction, where the same specifications are not necessary. I 
would like to suggest that the word sewer be inserted in the title, to read 
Tentative Specifications for Concrete Sewer Manhole and Catch Basin 
Block. 

EINAR CHRISTENSEN.—I am familiar with most of the data referred to, 
and I would like to second that suggestion, because I think that it will do 
an injustice to quite a few manufacturers to adopt the specifications with 
the present title. 

C. L. Bournr.—I would like to move that the present tentative speci- 
fications for concrete manhole and catch basin block be continued as tenta- 
tive for another year and that a tentative amendment be made to these 
specifications so that the title shall read Standard Specifications for Con- 
crete Sewer Manhole and Catch Basin Block. 

Motion seconded and unanimously adopted. 


Mr. Bourne. 


Mr. Allan. 


Mr. 
Christensen. 


Mr. Bourne. 
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At the Institute convention, Feb. 26, 1926, a motion was adopted on 
recommendation of this committee, to revise Standard Specifications for 
One-Course Portland Cement Concrete for Highways in Paragraph 5b, 
p. 696, Vol. 20, A. C. I. Proceedings, excepting slag from the wear test 
requirement so that the last sentence will read: “Coarse aggregate, except- 
ing air-cooled furnace slag, shall show not mote than 6 per cent loss 
in the wear test”; and omitting from the “Note” (same page) the sentence, 
“As a guide to the engineer, Abrams’ ‘Tables of Proportions and Quanti- 
ties for Concrete Road Construction’ are printed herewith.” 

Since that time there have been no changes in the revisions as sub- 
mitted and the committee recommends that this tentative revision be. sub- 
mitted to a vote of the membership of the Institute as a standard for 
“Standard Specifications for One-Course Portland Cement Concrete for 
Highways, S-6A-24 and for three other standards of which it is a part; 
Two-Course Portland Cement Concrete Pavement for Highways, S-6B-25; 
One-Course Portland Cement Concrete Street Pavement, S-6C-25; and Two- 
Course Portland Cement Concrete Street Pavement, S-6D-25. 

The attention of the committee has been brought to the possible am- 
biguity of a portion of the wording in Part II, Materials, Sec. (E) Joint 
Viller, Paragraph 18 of the Specifications for One-Course Concrete Pave- 
ments for Highways, S-6A-24. To remove this ambiguity the committee 
approves the following revisions: 

In the second line, after “bitumen,” add “or a uniform mixture of 
fibre and bitumen, or a combination of both.” Also in the second line, 
after “per cent” add, “by weight.” 

Paragraph (e) Joint Filler, as revised, will therefore read: 

“Joint fillers shall consist of prepared strips of fibre matrix and bitu- 
men, or a uniform mixture of fibre and bitumen, or a combination of both, 
containing not more than 25 per cent by weight of inert material, having 
thickness of inches, and width equal to inches greater than the 
thickness of the pavement at any point. The bitumen used in the manu- 
facture of the joint filler may be either tar or asphalt of a grade that will 
not become soft enough to flow in hot weather, nor brittle in cold weather. 
The prepared strips shall be cut to conform to the cross-section of the 
pavement and in lengths equal to the width of the pavement, except that 
strips equal in length to half the width of the pavement may be used when 
laced or clipped together at. the center in a workmanlike and effective 
manner.” 
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The committee recommends that this change be submitted to the Insti- 
tute for adoption as tentative standard in the Specifications S-6A-24, 
S-6B-25, S-6C-25 and S-6D-25.* 

This report has been submitted to letter ballot of the committee which 
consists of 6 members, of whom 5 have voted affirmatively, 0 negatively, 
and 1 has refrained from voting. 

Cot. W. M. AcurEson, Chairman. 
L. S. Tratnor, Secretary. 


* These changes were adopted tentatively by the 1928 convention. 

** The following two paragraphs appeared on a letter ballot canvassed June 
1, 1928, which resulted in the adoption of the tentative revisions of 1925, so that 
road standards S-6A-24, S-6B-25, S-6C-25 and S-6D-25 are changed to S-6A-28, 
S-6B-28, S-6C-28 and S-6D-28: At the 1925 convention, revisions were adopted 
tentatively to Standard Specifications for One-Course Portland Cement Concrete 
for Highways in Paragraph 5b, p. 696, Vol. 20, A. C. I. Proceedings, excepting 
slag from the wear test requirement so that the last sentence will read: ‘Coarse 
aggregate, excepting air-cooled furnace slag, shall show not more than 6 per cent 
loss in the wear test’; and omitting from the “Note” (same page) the sentence, 
“As a guide to the engineer, Abrams’ ‘Tables of Proportions and Quantities for 
Concrete Road Construction’ are printed herewith.” ; 

At the 1928 convention the standards thus tentatively revised were referred 
to letter ballot. The tentative revision in the “Standard Specifications for One- 
Course Portland Cement Concrete Pavement for Highway, S-6A-24”, affects three 
other standards of which it is a part; Two-Course Portland Cement Concrete 
Pavement for Highways, S-6B-25; One-Course Portland Cement Concrete Street 
Pavement, S-6C-25 ; and Two-Course Portland Cement Concrete Street Pavement, 
S-6D-25. 


AMERICAN CONCRETE INSTITUTE 
BUSINESS REPORTS 


ANNUAL REPORT OF THE BOARD OF DIRECTION TO THE MeEemMBERS— 
May £1928. : 


Since this annual volume of Proceedings is in itself a comprehensive 
report of the Institute’s technical work, this report aims only to set forth 
information in relation to membership and financial condition. 

The annual audit made by the Meissner Audit Co., Detroit, for the 
period July 1, 1926, to June 30, 1927—the latest fiscal year period—shows 
what funds have been received and disbursed and an increase of surplus 
from the previous fiscal year. Ag the membership increases there comes 
an increased responsibility to “carry on,” with the accompanying desirabil- 
ity of such small annual additions to surplus as might tide the Institute 
over a period of less active growth, should that time come. 

In the fiscal year ended June 30, 1927, eight News Letters, four of 8 
pages each and four of 16 pages each, were issued. Thus far in the present 
fiscal year, July 1, 1927, to May 1, 1928, there have been six News Letters, 
totaling 72 pages together, with a 100-page Directory. 

Nineteen preprints including 22 papers and reports were issued to 
members, previous to the 1928 convention. 

The registration at the Philadelphia 1928 meeting was 700--an in- 
crease of 50 over the 1927 meeting in Chicago, 

The recent increase in membership has been slightly less rapid, pos- 
sibly due to an increase in dues from $10.00 to $12.50 from July 1, 1927. 
This increase, voted overwhelmingly by the members on letter ballot, puts 
the organization in a very much stronger position—able to continue its 
enlarged program of publications, through which the Institute must con- 
tinue to expand its service. 

In the fiscal year ended June 30, 1927, 2 honorary members were 
elected; 579 new active members were added and 205 were lost, a net 
gain of 374, In that period 17 supporting members were added; 13 were 
lost, a net gain of 4. The active membership at the close of the fiscal year 
was 2,193, supporting membership 120, honorary members 2, total at the 
close of the fiscal year 2,315. 
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Since then to April 1, 1928, further gains bring the active membership 
to 2,478, supporting membership 123, honorary membership 2—total 2,603, 


a net gain of 288 members in the first nine months of the present fiscal 
year. 


Following is a report of the annual audit for the fiscal year ended 
June 30, 1927: 


MEISSNER AUDIT CO. 
DETROIT, MICH. 


August 4, 1927. 
Mr. Harvey Whipple, Treasurer, 
American Concrete Institute, 
2970 W. Grand Boulevard, 
Detroit, Michigan. 


DEAR SIR: 


We have conducted a cash audit of the American Concrete Institute, 
from July 1, 1926, to June 30, 1927, as shown by the books of the company, 
and have found that all cash reported as received has been deposited with 
the National Bank of Commerce, Detroit, Michigan. Disbursements and 
withdrawals are covered by proper voucher checks, which are all approved. 

The bank account was verified, and agrees with statement of the 
National Bank of Commerce at June 30, 1927. 

No attempt has been made to verify cash reported as received, with 
the various members. 

The following Schedules are attached hereto: Balance Sheet as at 
June 30, 1927; Receipts and Disbursements, July 1, 1926, to June 30, 1927; 
Bank Reconciliation, June 30, 1927. 


Thanking you for the assistance rendered and courtesy shown, during 
the conduct of our audit, we remain, 


Yours respectfully, 
MEISSNER AupIT CoMPANY, 
By Jonn C. MEISSNER, 


Public Accountant. 
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AMERICAN CONCRETE INSTITUTE. 
BALANCE SHEET. 
June 30, 1927. 


ASSETS, 
Cash: 
Onwhand/\. 0. keene eae eee $500.00 
In National Bank of Commerce ............... 4,241.04 
Totals Cashesc..:is0.2..8.¢ scandal ene eee eee $4,741.04 
USS. Treasury Certificates=.. iccw. ot pee vere ae ee ee 8,131.25 
Accounts Receivable: 
PACbIVeMV[em WeLsia hat ies ene area ete ele ey $3,170.00 
Contributing Members... ches -meelee. ake 450.00 
Miscellaneous: ais ya te aoe re eee a 1,223.15 
Total, Accounts “Receivable. .7 02270 5.. Se eee 4,843.15 
Inventories: 
Lii—1905-19192@ES05 0 yee eee $88.50 
1561920-1926--@ $1i00\e2).- 22 ee 756.00 
2102-1027 @ $3100 Sere eae 645.00 
Total, Inventories’ +5..4 5.4, detect ee 1,489.50 
Rotel Assets. 12 . Vas eee hee tent ae eee $19,204.94 
LIABIVITIES, 
Accounts Payable—Proceedings .................. $5,991.95 
Deferred: 
Duea"Paidrin’ Advance’ Fun... aco nee 219.00 
Reserve: 
For Loss Due to Delinquent Members .......... 3,500.00 
Surplus: 
Deposited by Members ........ hs cee 9,493.99 


Total Liabilities 
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AMERICAN CONCRETE INSTITUTE. 
RECEIPTS AND DISBURSEMENTS. 
Year Ending June 30, 1927. 
Cgebeorpland Jwly 11926". 5.90) cca sate <kcxooath ai S $5,719.46 
RECEIPTS. 

DDC NCUN Cee ee 2 a ert de a gs $20,314.03 
Dues, COnGributin OMaMEm, Sehy eekes Bee re eh = 5,800.00 
LESS OE TESS CVC ae Since Os ee i a 1,072.53 
muipoeerin eS ales ticle cow ee le ed ko th Se 1,851.65 
Interest Earned—Bank Balances .................. 51.49 
ss We Lreagury Certificates... ose. .0c.%. 272.75 
Certificates (Membership A. C. I.) ................ Dog 
Mau lreasury (Certificates. ..¢...<628 «neces ees e 2,500.00 
Hxehance Ttems. Nebr dt. coek— ors WER Mischa be ek 5.54 

ADLOUER COMPLE A osha eet ike sete oe SO oe 31,873.51 

ANON Dot Ses Sou: ais cule eceeene Ratt ae ee PR eee $37,592.97 

DISBURSEMENTS. 

ws eelrersuicya Cerbilicatesmemer ne oaeere at tance, $6,131.25 
PAMICUUITI OMe note Shenae ere toe a easy meee a ees 25.00 
IBS ESS 5a 5 sald es SOB CS JS WOO ooo bBo OHLCO OO 12.36 
WONMOMGION Sinner eee ee eA eon etn 2, Se hac 1,038.79 
Mixphessaancwennelonhitug. weta eee came erActc Mies ok eas wie 85.95 
Membership—National Fire Protection Association. . 60.00 
MiscellaneousaContingencies tele s- ciiee se micle ese: 42.40 
OM COME KN ens Cmncey sete pe eta aas okt Eee OE oa 583.80 
OSTA CMe tates teeta che ac. tieenAeh Cie bio tanieas sealer 1,350.70 
ELC DTU U ML ISp CL SOMA era A were hoe chr Nene ais hers « 2,606.81 
Printing, Multigraphing, Stationery and News Letters 3,423.03 
IEROCSECHUAS ADP GONE Go omy 6 Ole oo din ic re Onno 7,299.47 
IBYEVENE % 1rd ogg OO RI OCOD EAR ROR Cae ee 720.00 
SC CHeUATVECMUs ON Cee ere evn ter. cree ore eToisieds) ie cheval acto the 50.00 
SALAS Meee Herre keys Sah bottrisea te Pncsnlintece cusscee sade cueterotarle 9,466.27 
SUNDA TBD g oye SNe ey a Oe REN acne Din oor 524.82 
EOv all ected cetche se New Ohana inte ters t,o seh ceerenre Bi $33,420.65 
Less Discounts ..... See so SENET tO Ih oeca 68.72 

DotalweDIshUFSCMEN ES. .cekeyt ois. cucseno ce ehatete eta aia ede sorsticuaneleudketepe Ate S3;001L0S 

Casheine any) UMet5 Os O2ie ciprtarcmnrio tales teleieisicietersiota siaietscs $4,241.04 
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BANK RECONCILIATION. _ 


June 30, 1927. 


Balance—as, per Ledger opi.1. 4)! sgmesinao ness eatin aus 
Total Outstanding Checks ...............+++-+-se-0e- Spe: ; 
‘3 h a 


Balance per Bank Statement, June 30, 1927 re Soo eo) 
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LIST OF REGISTRANTS. 


List oF REGISTRANTS AT 1928 CONVENTION. 
Asterisk (*) denotes a member, 


*ABEL, NORMAN, Allegheny County D. P. W., 1007 Milton Ave., Swissvale, Pa. 

*ABRAMS, Durr A., 342 Madison Ave., New York, N. Y. . 

ADAMS, WILLIAM, 5319 Pentridge St., Philadelphia, Pa. 

*AHBARN, V. P., 837 Munsey Bldg., Washington, D. C. 

ARTLhEY, L. C., Wm. H. Gravell, Inc., 225 §. 15th St., Philadelphia, Pa. 

*AnLuRS, JOHN G., 110 W. 40th St., New York, N. Y. 

ALLAN, W. D. M., 33 West Grand Ave., Portland Cement Assn., Chicago, Il. 

ALLEN, H. B., General Crushed Stone Co., 1019 N. ineriean Bldg., Phila- 
delphia, Pa. 

*ALLEN, L. H., Hawthorne Roofing Tile Co., 507 5th Ave., New York, N. Y. 

*ALLUN, ROScoE, Economy Concrete Co., New Haven, Conn. 

*ALVORD, H®NRY B., Northeastern University, 316 Huntington Ave., Boston, 
Mass. 

*ANDERNGG, F. O., Mellon Institute, Pittsburgh, Pa. 

“ANDERSON, W. P., Ferro Concrete Constr. Co., Cincinnati, Ohio. 

*ANDERSON, LOUIS, Alpha Portland Cement Co., Easton, Pa. 

*ANDREWS, L. E., 4 Morris Circle, Trenton, N. J. 

ANTES, D. EDWARD, City Hall, Coatesville, Pa. 

*AUSTIN Co., THB, 3765 Highland Ave., Drexel Hill, Pa. (HE. F. Archibald.) 

*ARNOLD STONE Co., P. O. Box 3039, Jacksonville, Fla. (M. A. Arnold.) 

*ASHTON, FRANK, Young Bldg., Allentown, Pa. 

*ATWATER, R. W., 68 Trinity Pl., New York, N. Y. 

*BACKUS, RICHARD A., Voorhees, Gemlin & Walker, 101 Park Ave., New York 
N. Y. 

*BAKER, SAMUEL, 1521 Quincy Ave., Scranton, Pa. 

*BALDWIN, BF. G., Baldwin-Tarvin Co., 615 Carr St., Cincinnati, Ohio. 

BALLINGER, ROBHRT, 12th & Chestnut Sts., Philadelphia, Pa. 

*BAMMAN, F. C., Washington, D. C. 

BANTA, HDWIN, 4928 Chestnut St., Philadelphia, Pa. 

BARANZELLI, PROF., Baranzelli Stone Co., Woodside, N. Y. 

*BaRR, CHARLES L., 902 Gidden Lane Bldg., Shreveport, La. 

*BARRETT, R. L., Westinghouse, 517 Holmes St., Wilkinsburg, Pa. 

*BaRTLETT, I. L., The Art Stone Co., Miller Falls, Mass, 

BARTLETT, RAYMOND W., West Creek, N. J. 

*BatTes, P. H., Bureau of Standards, Washington, D. C. 

*BAUER, E. B., 304 W. Iowa St., Urbana, Ill. 

*BARTRAM, GEO. C., 262 Solvit St., Buffalo, N. Y. 

Becker, CHAS. W., Mohawk Carpet Mills, Inc., Amsterdam, N. ¥. 

Becxert, CHAs. A., The Ballinger Co., Philadelphia, Pa. 

*Brees, Guo. H., Princeton, N. J. 

BECKAY, ANDRIE W., Barnay Shlers Const. Co., 110 W. 40th St., New York, N. Y. 

Bouny, J. FRANK, Sinking Spring Concrete Block, 254 South St., Lebanon, Pa. 
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BeELLucci, F., Universal Marble Prod. Corp., Pelham Manor, N. Y. 

BENNETT, Victor T., EH. I. duPont de Nemours, Wilmington, Del. 

*BENSON, NEwTon D., 36 Burrington St., Providence, R. I. 

*BuNT, STHDMAN, Raymond Concrete Pile Co., Philadelphia, Pa. 

*BnRCHAM, R. O., St. Paul Cement Works, St. Paul, Minn. 

BurcHou, A. O., 246 Academy St., Jersey City, N. J. 

*BuRnigR, N. M., 411 Walden St., Cambridge, Mass. 

*BHRTIN, R. L., White Construction Co., Inc., 95 Madison St., New York, N. Y. 
“BREWER, B. R., Pottsville Building Block Co., Pottsville, Pa. 

*Bicuur, H. P., Rail Steel Bar Assn., Builders’ Bldg., Chicago, Ill. 

*BILLNER, K, P., The Aerocrete Corp., 51 East 42nd St., New York, N. Y. 
*BIRD, MILLARD F., A. C Horn Sales Corp., 101 Park Ave., New York, N. Y. 
*BISCHOFrF, J. M., 5915 Canton Ave., Detroit, Mich. 

BisHoP, Gro. N., Western Waterproofing Co., 1446 Rankin Bl., St. Louis, Mo. 
*BISHOP, Howarp, Sharon Steel Hoop Co., Sharon, Pa. 

*BISSELL, CLINTON T., 85 John St., New York, N. Y. 

Buack, W. T., Fairmont Wall Plaster Co., Fairmont, W. Va. 

BLAINE, Erari H., American Concrete Institute, Detroit, Mich. 

BLANCATO, V., 1218 Oak Point Ave., Bronx, N. Y. 

*BLANCHARD, F. E., 2706 Terrace Ave., Columbus, Ohio. 


’ BLANCHARD, H. A., Buffalo Wash Tray Works, Buffalo, N. Y. 


*BLENDERMAN, H. J., 65 EH. 190th St., New York, N. Y. 

*Boase, A. J., care of Penn. Military College, Chester, Pa. 

Bockius, LoGan, Like Real Stone Co., Ambler, Pa. 

*Bocun, R. H., Bureau of Standards, Washington, D. C. 

Boonin, M. M., 23 S. 16th St., Philadelphia, Pa. 

*BORCHARD, HE. K., Atlas Portland Cement Co., 25 Broadway, New York, N. Y. 

BorizE, RENSHAW, W. H. Gravell, Inc., 1520 Spruce St., Philadelphia, Pa. 

*BouRNE, C. L., 1502 Greenwood Ave., Jackson, Mich. 

BowrN, WALTER PAUL, 3925 Pine St., Philadelphia, Pa. 

*Boyp, D. KNICKHRBACHER, 112 S. 16th St., Philadelphia, Pa. 

Boyp, H. C., Truscon Steel Co., Upper Darby, Pa. 

Boybd, PAvuL L., 6943 Limekiln Pike, Philadelphia, Pa. 

*Boymr, E. D., Atlas Portland Cement Co., New Works Nav 

BRACKIN, S. H., Pennsylvania R. R., Andalusia, Pa. 

*BRADLEY, C. M., Youngstown Sheet & Tube Co., Gary, Ind. 

*Brace, J. G., Alpha Portland Cement Co., 213 Kensington Ave., Trenton, N. J. 

*Bracenur, HE. Y., The Sandusky Cement Co., Cleveland, Ohio. 

BRANDIS, R, L., Barney-Ahlers Const. Corp., Newark, N. J. 

BRONNAN, WM. E., Edison Portland Cement Co., Philadelphia, Pa. 

*BRICKETT, Epw. M., Lehigh Portland Cement Co., Allentown, Pa. 

BROANDER, H., Aerocrete Corp. of America, 51 B. 42nd St., New York, N. Y. 

*BROOKE, Howarb, Bergen Building Block Co., Ridgefield Park, N. Y. 

BROOKMAN, LOUIS, 139 N. Clark St., Chicago, Ill. 

Brooks, C. F., Portland Cement Assn., 1315 Walnut St., Philadelphia, Pa. 

Brown, H. W., Lawrence Cement Co., New York, N. Y. 

*BROWN, H. WHITTEMORD, Concord, Mass. 

Brown, RicHarp A., Lehigh Portland Cement Co., Allentown, Pa. 

BRUNDR, BERNARD L., California Stucco Products Co., Cincinnati, Ohio. 

*BUCKINGHAM, F., Riehle Bros., Testing Machine Co., 1424 N. 9th St., Phila- 
delphia, Pa. 

*BuENTE, C. F., Conerete Products Co. of America, Pittsburgh, Pa. 

*BULLEN, C. A., 111 W. Washington St., Chicago, Il. 

*Buriyr, 8. FRANK, Giant Portland Cement Co., East Aurora, N. Y. 

BUTTON, W. G., City of Philadelphia, Philadelphia, Pa. 

“CALDWELL, PF. E., 99 Cortland St., Springfield, Mass. 

CALLAN, Mart P., 4144 Aspen St., Philadelphia, Pa. 
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CatvertT, L. L., 181 Poplar Ave., Wayne, Pa. 

Camp, C. L., Anthracite Bridge Co., Seranton, Pa. 

*CAMPBBLL, R. H., 25 Broadway, New York, N. Y. 

*C4MPBBLL, S, A., Ridge Constr. Corp., Rochester, N. Y. 

*CAMPION, H. T., 112 S. 16th St., Philadelphia, Pa. 

*CANON, F. HUGEND, 721 Ryder Ave, Brooklyn, N. Y. 

CANTONH, JOSEPH, 320 Salem St., Wakefield, Mass. 

CANTWELL, JOHN J., Southern Brick & Tile Co., Charlotte, N. C. 
*CapoucH, M. E., 208 S. LaSalle St., Chicago, Ill. 

*CARREL, F. G., Calumet Steel Co., Chicago, Il. 
*CARSWELL, J. B., Buffalo Steel Co., Tonawanda, N. Y. 

CarTmER, 8. C., The Koppers Co., Pittsburgh, Pa. 

*CarTY, BrRucE F., The Maul Co., 1640 E. Hancock Ave., Detroit, Mich. 
CAULK, ARTHUR N., St. Michaels, Maryland. 

CAULK, ALVAN, St. Michaels, Maryland. 

*CAVANAGH, R. T., John J. Turner & Sons, Amsterdam, N. Y. 

*CHAPMAN, CLoyD M., 105 W. 40th St., New York, N. Y. 

CHALLENGER, JOHN F., H. I. duPont de Nemours & Co., Wilmington, Del. 
CHILL, CHAS. W., The Detroit Edison Co., 2000 2nd Ave., Detroit, Mich. 
*CHITTENDON, HowarD L., Main St., Clinton, Conn. 

*CHRISTENSEN, EINAR, 1600 Arch St., Philadelphia, Pa. 
CHRISTOPHERSEN, O. H., Hires, Castner & Harris, Inc., Philadelphia, Pa. 
*CHUBB, JOS. H., Universal Portland Cement Co., 210 S. LaSalle St., Chicago, Ill. 
*CLAIR, MILES N., 5 Chester St., Newton Highlands, Mass. 

*CLARK, FRANK HE., Bridgeport Stone Co., Bridgeport, Conn. 

*CLARK, W. KbITH, The Cincinnati Concrete Co., Cincinnati, Ohio. 
*CLEMMER, H. F., 40 Rector St., New York, N. Y. 

CLINTON, WM. H., Villanova, Pa. 

*CLOUSING, LOUIS, 213 City Hall, Minneapolis, Minn. 

CLUTZ, FRANK H., Gettysburg College, Gettysburg, Pa. 

Coss, C. T., Vuleanite Portland Cement Co., Philadelphia, Pa. 

Con, FRANK C., Celite Products Co., Philadelphia, Pa. 

*COFFMAN, HbRBERT, Hercules Cement Corp., 1700 Walnut St., Philadelphia, Pa. 
*COGHLAN, RAPIpR R., S. W. Portland Cement Co., Pasadena, Calif. 
*COLBURN, D. S., Marquette Cement Co., 140 S. Dearborn St., Chicago, Ill. 
*COLLINS, D. R., 47th & State St., Milwaukee, Wis. 

*COLMAR, DANIEL, Ramloe Stone Co., Inc., 1055 Broadway, Albany, N. Y. 
*CONAHEY, GEORGE, The Celite Co., 1824 ‘“‘S” St. N. W., Washington, D. C. 
*ConpDON, JoHN, Turner Construction Co., 1700 Walnut St., Philadelphia, Pa. 
*CONRADES, EDWIN H., St. Louis Material & Supply Co., St. Louis, Mo. 
*CONWELL, E. L., 2024 Arch St., Philadelphia, Pa. 

*CooKE, C. E., Kalman Floor Co., Wrigley Bldg., Chicago, Ill. 

CourtngEy, N. C., Broad & Arch Sts., Philadelphia, Pa. 

*CORRADO, ANTHONY, 58 Wainwright St., Providence, R. I. 

Corsnon, S. K., Hartboro Concrete Products Co., Hartboro, Pa. 

Corrrr, Morrtimpr T., Penn. Dixie Portland Cement Co., Philadelphia, Pa. 
Corton, C. C., Commercial Shearing & Stamping Co., Youngstown, Ohio. 
CovELL, Haru D., 1609 W. Tioga St., Philadelphia, Pa. 

*CRABBS, AUSTIN, The Cement Products Co., Davenport, Ia. 

*CRANE, THEODORE, Winchester Hall, New Haven, Conn. 

CoyLn, JouHN J., Sinking Springs Concrete Co., Sinking Springs, Pa. 
Crew, S. I., Crew Builders’ Supply Co., Cincinnati, Ohio. 

CROMWELL, WM. A., Camden Forge Co., West Collingswood, N. Als 
Crossy, H. S., Celite Products Co., 11 Broadway, New York. NY. 
*CRoziIpR, ALFRED OWEN, 54 W. 40th St., New York, N. Y. 

*CruM, R. W., Iowa State Highway Comm., Ames, Ia. 

*CRuMB, WM. H., Crume Brick Co., Dayton, Ohio. 
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Daw, Louis A.,, Lehigh Portland Cement Co., Allentown, Pa. 

*DaLco, Louis A., Decorative Stone Co., New Haven, Conn. 

DARBY,—B. Ni UL Gar Contracting Co., Philadelphia, Pa. 

*DAVIS, HERBERT A., Wash. Concrete Products Corp., Washington, D. C. 
*DAVIS, RAYMOND E., University of California, Berkeley, Calif. 

Davis, SPENCHR H., Philadelphia Electric Co., Philadelphia, Pa. 

*DAVISON, R. GLENN, Jamesburg, N. J. 

DELEVANTE, C. A.. Mohawk Stucco Co., Inc., Brooklyn, N. Y. 

DEMCHICK, ISRAEL, 4631 N. Warnock St., Philadelphia, Pa. 

*DENTON, W. EpwarD, 3809 Alton Pl. N. W., Washington, D. C. 

Derr, G. M., Truscon Steel Co., Youngstown, Ohio. 

*DEVLIN, JOHN J., 100 BE. 42nd St., New York, N. Y. 

*DEvos, A. W., Wm. H. Devos Co., Milwaukee, Wis. 

*DISNEY, CHAS. P., New Union Station, Toronto, Ont., Canada. 

*Doanz, Louis H., North Glenside, Pa. 

*Dor, N. L., Turner Construction Co., Mt. Vernon, N. Y. 

DONOVAN, G. Wo., Jr., E. I, duPont Co., 6209 Marsden St., Philadelphia, Pa. 
*DouGuLass, A. §., The Detroit Edison Co., Detroit, Mich. 

Doup, CLarENcH, Doud Concrete Products Co., Malone, N. Y. 

*DOWNER, RoBpeErRT G., Irish Hill Supply Co., 510 Wilson Bldg., Camden, N. J. 
*Downs, C. §., Artstone Products, Inc., 52 Vanderbilt Ave., New York, N. Y. 
DRISCOLL, W. M., Driscoll Bros. & Co., Ithaca, N. Y. 

*DRUSBACH, BE. E., Nazareth Cement Co., Nazareth, Pa. 

DUFFIELD, F. I., Jn., Turner Construction Co., 98 American St., Woodbury, N. J. 
*DUNBAR, JAS. Y., Artstone Products, Inec., 25 H. 193rd St., New York Nip x. 
DUNCAN, CHESTER I., Wm. H. Gravell, Inc., Philadelphia, Pa. 

Dunn, W. R., Vuleanite Portland Cement Co., Phillipsburg, N. Y. 
*DUNNELLS, C. G., Century Bldg., Pittsburgh, Pa. 

*Durein, F. L., Cramp & Co., 801 Denckla Bldg., Philadelphia, Pa. 
*DuTTON, EARL S., 33 W. Tremlett St., Boston, Mass. 

*EADES, Harry H., National Steel Fabric Co., Pittsburgh, Pa. 

Eccuesron, H. N., 601 Finance Bldg., Philadelphia, Pa. 

*Eppy, WM. P., Onondaga Litholite Co., 102 N. Beech St., Syracuse, N. Y. 
EDKINS, G. S., 1520 Locust St., Philadelphia, Pa. 

EpMmonps, S. R., Edmonds’ Art Stone Co., Washington, D. C. 

*EGELHOFF, R. F., 11 Goodell St., Buffalo, N. Y. 

*EITZHN, HENRY R., Kalman Steel Co., Inc., New York, N. Y. 

*EKHOLM, S. L., The MacGlashan Corp., Tecumsah, Mich. 

*ELKAN, STANLEY A., Elkan Stone-Tile Mfg. Co., P. O. Box 715, Macon, Ga. 
ELSENBAST, ARTHUR, Celite Products Co., 11 Broadway, New York, N. Y. 
*EMERSON, H. B., 111 W. Washington St., Chicago, Ill. 

IMEs, C. B., JR., 5813 Chew St., Philadelphia, Pa. 

*WAIRCHILD, L. F., Eastman Kodak Co., 3195 Lake Ave., Rochester, N. Y. 
FairHom, R. L., U. G. I. Contracting Co., Broad and Arch Sts., Philadelphia, Pa. 
*FarmMer, H. G., Frick Bldg., Pittsburgh, Pa. 

*FERGUSON, LEWIS R., 342 Madison Ave., New York, N. Y. 

*WERGUSON, M. W., Stone Tile & Supply Co., Roanoke, Va. 

FHRRER, RUSSHLL R., Mastic Cement Block Works, Center Moriches, L. I. 
*Winuay, L. G., Raymond Concrete Pile Co., 140 Cedar St., New York, N. Y. 
*FITZMAURICH, EDMUND J., Pennsylvania Bldg., Philadelphia, Pa. 

*FLAM, STEPHEN, Supertile Machiery Corp., Tecumseh, Mich. 

FLANAGAN, CHARLES A., Deputy Chief Bureau Bldg. Insp., Philadelphia, Pa. 
*Foce, Raupu J., Lehigh University, Bethlehem, Pa. 

FOLLIN, JAMES W., Harrisburg, Pa. 

*FORMIGLI, O. L., Formigli Arch. Stone Co., Philadelphia, Pa. 

*Fostmr, ALHUXANDER, Chas. Warner Co., 1518 Walnut St., Philadelphia, Pa. 
*Fostmr, C. B., Foster Eng. Service Co., Indianapolis, Ind. 
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FOwLEES, JR., SAM., Philadelphia, Pa. 
FRANKLIN, J., Consolidated Cone. Machinery Co., 3115 Plankinton Bldg., Mil- 
waukee, Wis. 

*FRAUDNFELDER, HERMAN, 4600 Chippewa St., St. Louis, Mo. 
*FREEDMAN, J., care of Mass. Cement Block Co., Medford, Mass. 

FREEDMAN, Louis, 909 Fellsway, Medford, Mass. 
*FREEMAN, P. J., 3219 Latonia Ave., Dormant, Pa. 

FRENCH, J. HANSELL, Edison Portland Cement Co., Philadelphia, Pa. 

Fricker, F. M., 6725 Wyncote Ave., Philadelphia, Pa. 

FRIEDGEN, C. F., U. G. I. Contracting Co., Broad and Arch Sts., Philadelphia, Pa. 
*WRIEL, FRANCIS S., care of Albright & Mebus, 116 Hampden Road, Upper 

Darby, Pa. 

FRoHBERG, M. J., Lehigh Portland Cement Co., Egypt, Pa. 

Fry, C. B., Edison Portland Cement Co., 20 S. 15th St., Philadelphia, Pa. 
FULKS, H. K., Cinder Block Co., Wilmington, Del. 

FULunR, M. O., 732 7th Ave., Bethlehem, Pa. 

Finck, J. C.,.1089 Broadway, Albany, N. Y. 

*FuncK, JOHN C., Penn. Brick & Tile Co., Westmoreland Wharf, Philadelphia, Pa. 
Furron, W. F., Furton Bros., 224 Bryant, Washington, D. C. 

FuRCH, Mr., St. Louis Material & Supply Co., St. Louis, Mo. 

GaGcE, R. B., Box 106, Trenton, N. J. 

GARA, JAMES J., 4626 Greene St., Germantown, Pa. 

*GARLARINI, R. J., Cadillac Stone Co., 4469 Seyburn Ave., Detroit, Mich, 
GARRIGAN, D. W., 216 Walnut St., Philadelnhia, Pa. 

*GASTON, H. F., 250 S. Broad St., Philadelphia, Pa. 

*GreorGE, W. B., Straub Block Co., Warren, Ohio. 

GrorcE, J. DUNCAN, Celite Products Co., 316 Bulletin Bldg., Philadelphia, Pa. 
*GERNAND, R. N., Anti-Hydro Waterproofing Co., Newark, N. J. 

Grerwia, M. ALBERT, The Ballinger Co., Glenside, Pa. 

*GIBSON, JAMES E., Wood-Norton Apt., Germantown, Pa. 

*GIDDINGS, WALTER S., Phila. Partition and Bldg. Block, Philadelphia, Pa. 
*GIESECKE, Ff. B., College Station, Texas. 

*GILMAN, CHAS., Massey Concrete Products Co., 50 Church St., New York, INS Ys 
*GINSBERG, FRANK I., H. O. Penn Co., 18 £. 41st St., New York, N. Y. 
*GLASHEEN, R. E., 1859 N. 9th St., Philadelphia, Pa. 

*GLOSH, RosperT L., Natl. Steel Fabric Co., Union Trust Bldg., Pittsburgh, Pa. 
*GOLDBECK, A. T., Natl. Crushed Stone Assn., Washington, D. ce 

Goop, FRANK D., Chalfont, Pa. 

Goopn, E. B., Hercules Cement Corp., 441 Lexington Ave., New York, N. Y. 
*GorsucH, V. D., Bessemer Cement Corp., Youngstown, Ohio, 

Gossman, A. L., 11 Broadway, New York, N. Y. 

GRANGER, D. Guo., Stone & Webster, Inc., Boston, Mass. 

*GRAVELL, WM. H., 225 S. 15th St., Philadelphia, Pa. 

*Gray, H. A., Park Sq. Bldg., Boston, Mass. 

*GREENMAN, RUSSELL S., 10 Steuben St., Albany, N. Y, 

*GRELIS, JOHN J., JR., Concrete Steel Co., 827 Dorset St., Philadelphia, Pa. 
Grusss, N. S., 75 Branch St., Mt. Holly, N. J. 
_ GrusBE, L. B. Sheboygan Brick Co., Sheboygan, Wis. 

*HACKMAN, M. L., Lancaster Concrete Tile Co., 234 B, Water St., Lancaster, Pa. 
Warey, T. J., Dupont Eng. Co., 5549 Hazel Ave., Philadelphia, Pa. 

Harpesty, Dick, St. Thomas, Pa. 

Harpwesty, H. W., Reinhart Concrete Block Co., Ft. Thomas, Ky. 

Hatcu, JOHN E., 4117 Walnut St., Philadelphia, Pa. 
*Hanpesty, J. M., Bell Telephone Lab., 463 West St., New York, N. Y. 

Harper, Cus. S., 253 Broadway, New York, ING ESXi). 

*Hart, W. E., Portland Cement Assn., 33 W. Grand Ave., Chicago, Ill. 
“HARRINGTON, W. C., 131 Redfield Pl., Syracuse, INE EY; 
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Harris, A. C., Midland Supply & Coal Co., Alton, Ill. 

*HARTER, B. D., Harter-Marblecrete Stone Co., Oklahoma City, Okla. 
*HARTLESS, T. B., Froehling & Robertson, Richmond, Va. 

Harvny, G. L., JR., Philadelphia Blectric Co., Philadelphia, Pa. 

*Hatt, W. K., Lafayette, Ind. 

*Hay, W. W., New Brunswick, N. J. 

*HEBOLD, DuNnis, 217 W. Sparks St., Philadelphia, Pa. 
“HECK, Gro. H., Natl. Cinder Products Co., Philadelphia, Pa. 

HENDERSON, J. H., Granite Concrete Block Co., Ltd., Toronto, Canada. 
*HENDRICK, THOS. K. A., 58 Forest Ave., New Rochelle, N. Y. 
*HENRY, Murray H., Center Ave. -and Dithridge St., Pittsburgh, Pa. 
*Hwrzoc, C. J., 310 Magee Bldg., Pittsburgh, Pa. 

HENTSCHEL, H. W., Lehigh Portland Cement Co., Egypt, Pa. 
H®SSPLpER, L. G., 4800 Walnut St., Philadelphia, Pa. 

*HEWES, Guo. C., 235 Geneva St., Decatur, Ga. 
*HIBBS, MANTON E., 1423 N. 15th St., Philadelphia, Pa. 
*HOLKER, E. W., Hilker Supply Co., 16th and State St., Granite City, Fil. 

HILL, W. D., Phila. Building Chap., Philadelphia, Pa. 

HILLMAN, CHAS. S., 400 Chestnut St., Philadelphia, Pa. 

Hipp, Geo. B., Buffalo Litholite Co., Lackawanna, N. Y. 
*HircHcock, F. A., 5101 38th St. N. W., Washington, D. C. 
| : HiveLy, Epwin F., Peerless Sand Cement Prod. Co., York, Pa. 
Hory, JOHN V., 824 W. Marshall St., Norristown, Pa. 

*HOFFMAN, MARTIN, Detroit Cast Stone Co., Detroit, Mich. 
“HOLLISTER, S. C., Swarthmore, Pa. 

*Hotm, W. M., 33 W. Grand Ave., Chicago, Tl. 

| *Horsr, A. B., Henry W. Horst Co., Rock Island, Il. 
*Hown, Henry L., City Hall, Rochester, N. Y. 

*How#, H. N., Memphis, Tenn. 

HOWELL, Ricuarp, Hollywood Bldg., Block Co., Bethlehem, Pa. 

HOWELL, R. P., Fuller Co., Catasauqua, Pa. 

*HUBBARD, FRED, 1200 City Bank Bldg., Youngstown, Ohio. 

HUGHES, H. WALTER, City of Rochester, Rochester, N. Y. 

*Hucuus, E. E., Franklin Steel Works, Franklin, Pa. 

HULBERT, E. H., Driscoll Bros. & Co., Ithaca, N. Y. 

HuLMn, NorMAN, 1524 Chestnut St., Philadelphia, Pa. 

*HUMPHREY, D. S., Euclid Beach Park, Cleveland, Ohio. 

HuMPaurpy, H. B., 929 Chestnut St., Philadelphia, Pa. 

*HUMPHREY, RICHARD L., Union League, Philadelphia, Pa. 
*Hunt, Puin., Hunt Stone-Tile Co., Salem, Mass. 

HUTCHINS, Cuas. O., Wyoming Sand & Stone Co., Wilkes-Barre, Pa, 
“HUTCHINS, L. A., Wolverine P. C. Co., Coldwater, Mich. 
*HUTCHINSON, G. W., Lake Worth, Fla. 

*INeBeRG, S. H., Bureau of Standards, Washington, D. C. 
*JACKSON, F. H., Bureau of Standards, Washington, D. C, 

JamEs, J. R., The Detroit Hdison Co., Bellerville, Mich. 

JANSSON, Martin E., North Jersey Dist. Water Supply Co., Wanague, N. J. 

JAQUES, J. DUNCAN, Dept. City Transit, Philadelphia, Pa. 

JENNINGS, WM. A., Southeastern Portland Cement Co., Osborn, Ohio. 

JESTER, CHAS. H., 1317 Spruce St., Philadelphia, Pa. 

*JOHNSON, A. V., Ideal Cement Stone Co., Omaha, Neb. 

*JOHNSON, N. C., 342 Madison Ave., New York, N. Y. 
*JOHNSON, R. C., Immel Constr. Co., Fond du Lae, Wis. 

*JoHNSON, R. W., Concrete Reinforcing Steel Inst., Chicago, Tl. 
*JOHNSON, VIRGIL L., 29 W. Upsal St., Philadelphia, Pa. 

JONES, L. M., E. I. du Pont de Nemours & Co., Wilmington, Del. 

JORDAN, WALTER L., 30 Church St., New York, N. Y. 
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*KEARNEY, JAMES C., 1714 Penobscot Bldg., Detroit, Mich. 
* KEATING, PAUL F., The Atlas Portland Cement Co., St. Louis, Mo. 
KELLY, JOHN J., 929 Chestnut St., Philadelphia, Pa. ; 
*KELLY, N. A., Universal Portland Cement Co., New York, N. Y. 
*KENOGRATH, W., Penn,-Dixie Cement Corp., Chattanooga, Tenn. 
*KELLEY, F. W., 126 State St., Albany, N. Y. 
KENNEDY, WM. J., Wm. H. Gravell, Inc., Philadelphia, Pa. 
*KENWORTHY, Epw., 2311 W. 11th St., Wilmington, Del. 
KERLIN, DANIEL J., Pottstown, Pa. 
*KKINDLE, GEO. C., 472 Holly Ave., Pitman, N. J. 
Kirk, J. N., 20 S. 27th St., Camp Hill, Pa. 
*KIRSHBAUM, HERMAN, 5816 Catharine St., Philadelphia, Pa. 
KISSINGER, D. G., Calif. Stucco Co., Rochester, N. Y. 
*KLEIN, W. H., Penn.-Dixie Cement Co., Chattanooga, Tenn. 
*KuLoTz, PaAuL R., N. Plymouth St., Allentown, Pa. 
*IKKNEELAND, H. D., Calif. Stucco Prod. Co., Rochester, N. Y. 
Knieut, A. W., Celite Products Co., Glendale, Calif. 
KNOPEL, HERBERT J., Locust and 15th Sts., Philadelphia, Pa. 
KNOWLYON, WINFIELD B., Amer. Woolen Co., Andover, Mass, 
Kocu, CHas. W., York Lithoid Products Co., York, Pa. 
KOELLE, WM. F., Jr., 6424 City Line, Philadelphia, Pa. 
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Kratz, Jos. S., Alpha Portland Cement Co., 427 S. West Hnd Ave., Lan- 


easter, Pa. 
*KREHBIEL, B. F., Cement Stone and Supply Co., Wichita, Kans. 
Kring, WILLIAM E., Calif. Stucco Prod. Co. of N. J., Hast Orange, N. J. 
KUEGLE, PAauu C., The Youngstown Sheet & Tube Co., Youngstown, Ohio. 
*KREMER, ERNEST, Wright & Kremer, Niagara Falls, N. Y. 
Kurtz, JoHN A., Ephrata, Pa. 
Kurtz, J. KREIDER, Ephrata, Pa. 
*Lackpy, Ray B., 202 South West St., Carlisle, Pa. 
*LAMBIS, J. E., Lambie Concrete House Corp., Cleveland, Ohio. 
*LANDeER, R. S., Box 196 Little Rock, Ark. 
*LAPHAM, JOHN R., Geo. Washington Univ., Washington, DiC: 
LARIMER, JOHN C., 405 Harrison Bidg., Philadelphia, Pa. . 
*LARKIN, Cuas. W., Carnegie Tech., 6701 Thomas Blvd., Pittsburgh, Pa. 
*LARSON, LovIS J., Binz Cast Stone Co., Inc., Sarasota, Fla. 
Leavitt, H. W., University of Maine, Orono, Me. 


Lenuarpt, L. G., Detroit Water Board, 2688 Lawrence Ave., Detroit, Mich. 


*LesLey, R. W., Haverford, Pa. 

LEVINSOHN, N., Vitro Stone Mfg. Co., Baltimore, Ma. 
LEVINSOHN, SAM., Vitrostone Mfg. Co., Baltimore, Md. 
*Levison, ArTHuR A., Blaw-Knox Co., Pittsburgh, Pa. 
Lewin, Joun C., Dow Chemical Co., Midland, Mich. 
*Lewis, D. W. Reep, 1754 Buhl Bldg., Detroit, Mich. 
*Luewis, W. J. Reep, 1754 Buhl Bldg., Detroit, Mich. 


Lippy, Wn. A., Artstone Products, Inc., 52 Vanderbilt Ave., New York, N. Y. 
Linck, Roper C., Linck Sheet Metal Works, Latham Park, Oak Lane, Pa. 


LinpD, Frank A., Altoona Duntile Products Co., Altoona, Pa. 
*LinDavu, A. E., 7 So. Dearborn St., Chicago, Il. 

LINDERMAN, H. B., Supt. Trans. & Labor, Hast Chicago, Ind. 
LINDON, JAMES J., Barney-Ahlers Constr. Co., New York, N. Y. 
Linpsay, G. L., Universal Portland Cement Co., 210 
*LINDSLEY, C. E., C. B. Lindsley Co., Irvington, N. J. 


*LIVINGSTON, : 
*LocxeE, C. B., A. HE. Baxter Eng. Co., 905 Ellicott Sq., Buffalo, N. Y. 


*LOCKHARDT, W. F., 347 Madison Ave., New York, N. We 
*Lonc, JaAMes B., Norristown, iPass 


S. LaSalle St., Chicago, Il. 


J. A., Granite Concrete Block Co., Ltd., Toronto, Ont., Canada. 
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LONGENECKER, H. H., Lancaster Concrete Tile Co., Lancaster, Pa. 

*LorD, ARTHUR R., 140 S. Dearborn St., Chicago, Il. 

*LOUCHHEIM, WM. S., Keystone State Corp., 1385 S. 17th St., Philadelphia, Pa. 

LovaTt, Gro. I., 220 S. 16th St., Philadelphia, Pa. 

*LovE, H. J., 937 Leader Bldg., Cleveland, Ohio. 

LOVELACE, C. M., 103 West Broad St., Bethlehem, Pa. 

Lower, CHAS. P., Bethayers Concrete Products Co., Bethayres, Pa. 

Lorp, Cuinton F., Co. Park Comm., Bronxville, N. Y. 

Luck, Cuas. A., 1144 Free Press Bldg., Detroit, Mich. 

Lummis, CLARENCE, 522 Stevens St., Camden, N. J. 

*LUNDELIUS, K. J., Wm. Steel & Sons Co., Philadelphia, Pa. 

*McCuure, D. A., Jamestown Block & Tile Co., Jamestown, N. Y. 
*MACGLASHAN, W. F., The MacGlashan Corp., Buffalo, N. Y. 

*MacKay, J. R., The Decorative Stone Co., New Haven, Conn. 

MacKELLAR, GORDON, Luzerne Co. Bridge Dept., 879 Osceola Ave., Kingston, Pa. 

McCatu, R. C., Worthington, Ohio. 

“McCaNLess, W. F., Ornamental Stone Co., Charlotte, N. C. 

*McComas, Wm. E., Portland Cement Assn., Philadelphia, Pa. 

McCreapy, E. B., Allentown Testing Lab., Allentown, Pa. 

*McCULLouGH, F. M., Carnegie Inst. of Technology, Pittsburgh, Pa. 

McCunsz, STEPHEN M., 135 South St., Morristown, N. J. 

*McGILLIvray, R., Duntile Co., Ltd., Montreal, Que., Canada. 

McGowan, RIcHARD X., 919 No. 19th St., Philadelphia, Pa. 

*McCGUIRE, D. D., 418 6th Ave., No. Nashville, Tenn. 

*McKay, Earte D., Universal Portland Cement Co., 836 Security Bldg., Min- 

neapolis, Minn. 

McKez, F. C., West Penn Cement Co., 233 S. Main St., Butler, Pa. 
*McKetvey, K. M., James H. Herron Co., W. 3rd & St. Clair, Cleveland, Ohio. 
*McKENzIg, C. L., Duquesne Slag Products Co., Pittsburgh, Pa. 

*McMILLAN, F. R., Portland Cement Assn., Chicago, Il. 

MCMULLEN, O. H., Portland Cement Assn., Philadelphia, Pa, 

McNary, M. C., Portland Cement Assn,, Philadelphia, Pa. 

McNez, THomas L., 6132 Kingsessing Ave., Philadelphia, Pa. 

Matrr, E. H., 51 N. Pearl St., Bridgeton, N. J. 

Mater, J. A., Sinking Spring Block Co., Sinking Spring, Pa. 

*Matone, O. A., Calif. Stucco Co., 507 Magee Bldg., Pittsburgh,. Pa. 

*MALONE, PAUL, Calif. Stucco Co., 507 Magee Bldg., Pittsburgh, Pa. 

*MANY, BEN. J., Western Waterproofing Co., 1604 Syndicate Tr. Bldg., St. 
Louis, Mo. 

Marr, R. A., Va. Military Institute, Lexington, Va. 

Morra, N., Arch. Cast Stone Co., Inc.,. 98 Fourth St., Woodside, N. Y¥. 
MATTHIESSEN, F. O., Natl. Cone. Products Assn., Philadelphia, Pa. 

*MAUL, FRANK P., The Maul Stone Co., Station A., Box 56, Toledo, Ohio. 

MORRELL, R. W., Atlas Stone Tile Co., 1 Park Pl., Passaic, N. J. 

Moweray, A., Cleveland Gypsum Co., Leader Bldg., Cleveland, O. 

Mazza, Jos. F., Cambridge Mason’s Supply Co., Watertown, Mass. 

*MbaD, Frep J., 400 Sheridan St., Orange, N. J. 

MerIcs, ArTHuR I., 205 So. Juniper St., Philadelphia, Pa, 

*MENTZER, FREDERICK M., Mentzer Mfg. Co., 11th & Forster Sts., Harrisburg, Pa. 
*Mbyrr, B. F., Sandusky Cement Co., 107 W. Meyer Ave., Pittsburgh, Pa. 
*MeyerR, M. W., Meyer, Morrison & Co., Inc., New York, N. Y. 

MILLER, M. T., Hlmira, N. Y. 

*KLATTH, E. W., Cinder Block & Material Co., 2200 Montcalm St., Indianapolis, 
Ind. 

*MINER, JoSHUA, 814 Second Pl., Plainfield, N. J. 

*MINNING, CHAs. P., Cinder Block Corp., Baltimore, Md. 

*MITCHELL, NOLAN D., 134 Beech St., Clarendon, Va. 
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Mock, Dr. WM., Messinger Supply Co., Easton, Pa. 

Mortrer, L. N., U. S. Navy Yard, Philade!phia, Pa. 

Moors, C. F., 1613 Chestnut St., Phila., Pa. 

Moore, D. E., North Amer. Cement Corp., 80 Federal St., Boston, Mass. 

Moore, Evan B., Amer. Car and Foundry Co., Berwick, Pa. 

*Moorg, O. L., 210 S. LaSalle St., Chicago, Ill. 

*MORSE, FLoyp C., 2480 Tuxedo, Detroit, Mich, 

*MORRILL, ARTHOR B., 8100 W. Warren Ave., Detroit, Mich. 
*Moscrip, WM. H., 390 Sunset Road, W. Reading, Pa. 

MOSE, ARNOLD H., Temple Bldg., Camden, N. J. 

*MoyYer, ALBERT, 350 Madison Ave., New York, N. Y. 
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